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ABSTRACT

A compressor design program was developed based on simple-radial-

equilibrium design philosophy with constant efficiency radially. The pro-

gram was developed specifically for the determination of the flow path for

a given overall pressure ratio or number of stages by specifying the tip

axial velocity ratio across each blade row and initial blade row aspect

ratio. Energy addition at the rotor tip is specified through rotor tip

diffusion factor. The variation of energy addition radially is arbitrary.

The rotor tip diffusion factor is reduced if limit values are exceeded on

stator hub Mach number, stator hub diffusion factor, and rotor relative

exit hub flow angle. Blade row aspect ratio is reduced if limit values

are exceeded on hub and tip ramp angles.
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MULTISTAGE AXIAL-FLOW COMPRESSORS

by

A. C. Bryans and M. L. Miller

SUMMARY

This technical report contains the development of the compressor design

program based on simple-radial-equLlibrium design philosophy with constant

efficiency radially. A detailed description is given of this compressor de-

sign program and its capabilities.

The program logic is developed in detail in the System of Equations

(Appendix A) and in the Flow Charts (Appendix C). Sections indicated in

Appendices A and C are cross referenced through Roman numerals. The

FORTRAN listing of the computer program is given in Appendix B which is

also cross referenced with the Flow Charts through statement numbers.

The input format is described in Appendix D. There are two types of

input format available for the user. One option is a "Standard" format and

the other option is a "Namelist" format which permits minimum amount of

data for either one or more compressor problems. It should be noted that

the reading of input data is generally the major portion of the machine time

for a single compressor problem.

Two sample problems, which show the output format, are given in

Appendix E. The first sample problem is a free vortex case and the second

problem is a nonfree vortex case in the first stage. Two input data listings

are also shown in Appendix E. The listing on page E-1 is for the two sample

problems and is in the Namelist format. The listing on page E-2 is the

Standard format for the free vortex sample problem.

INTRODUCTION

_I'he work reported herein was performed under contract NAS3-7277 for

the NASA-Lewis Research Center to devise a compressor design computer

program for making a parametric compressor study on advanced multistage

axial-flow compressors. The purpose of this study is to examine a wide

range of design parameters to determine their effects and indicate signifi-

cant areas for study and research to increase average stage pressure ratio

and reduce compressor length.
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To obtain the effects of the design parameters on average stage pres-

sure ratio and compressor length, it was necessary to devise a compressor

design program to compute the flow path for arbitrary specified conditions.

Since the effects of st,'@_%rnl_ curvature or radial velocity are not well de-

fined for state-of-the-.. _ compressor design technology, the simple-radial-

equilibrium design philosophy was selected. Constant efficiency radially

was also selected as the type of blading required for the high loadings to be
investigated and their element losses are not known.

Additional requirements of this design program to accomplish the objec-
tive are:

le Energy addition is to be determined through rotor tip diffusion
factor and is to be reduced from an initial value if stator hub

diffusion factor, stator hub Mach number, or rotor relative hub

exit flow angle exceed specified limits.

o Blade row axial length is to be determined through blade aspect

ratio which will be increased by reducing aspect ratio when hub

and tip ramp angle have attained their specified limit values

before continuity has been satisfied,

1 The flow path will be computed until either a specified overall

pressure ratio or maximum number of stages has been exceeded.

This compressor design program can be used for obtaining compressor

results over a range of design parameters within the scope of design philos-
ophy selected.
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SYMBOLS

The primary symbols are illustrated schematically in Figure 1.

sonic velocity, ft / see

2
in.annulus area,

aspect ratio

blade row axial length, in.

constants in tangential velocity equation

constant pressure specific heat, BTU/lbm-°R

diffusion factor

blade force, lbf/lb m

gravitational constant, ft-lb m/lbf- sec 2

entha/py, BTU/lb m

mechanical equivalent of heat, ft-lbf/BTU

compressor length, in.

Mach number

molecular weight, lb m/mole

stage number

number of stages

pressure, lbf/in. 2

heat transfer rate, BTU/lb m- sec

radius, in.

total pressure ratio
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R,@,z

S

T

T R

t

U

V

Z

cylindrical coordinates

universal gas constant, 1545.4 ft-lbf/mole-°R

gas constant, ft-lbf/lbm-°R

entropy, BTU/lbm-°R

temperature, °R

total temperature ratio

time, sec

wheel speed, ft/sec

gas velocity, ft/sec

flow rate, Ib m/sec

loss parameter

Greek

a

.y

c

_ad

_Tp

P

o"

ramp angle, degrees

flow angle, degrees

ratio of specific heats

weight flow convergence tolerance

blockage factor

adiabatic efficiency

polytropic efficiency

angular velocity, rad/sec

loss c oefficient

gas density, lb m/ft 3

solidity (chord / spacing)
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Subscripts

e

f

g

H

i

id

L

m

n

N

OV

R

S

t

T

Z

i

2

3

0

Superscript

effective

fractional

geometric

hub

initial

ideal

limit

streamline number

stage number

number of streamlines and number of stages

overall and cumulative

rotor, radial direction, or ratio

stator and stage

total

tip

axial direction

rotor inlet

stator inlet

stator outlet

tangential direction

relative value
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AXIAL-FLOW COMPRESSOR DESIGN PROGRAM

PROGRAM DESCRIPTION

The basic equations of motion which govern the three-dimensional flow

of an inviscid compressible gas through a turbomachine have been derived in

many reports such as Reference 1.

The pertinent equations for steady axisymmetric flow in cylindrical co-
ordinates are:

C ontinuity Equation

l 5(PRVR) I _PVf)' _(PV z)
+ + = 0 (I)

R bR R 3 8 3z

Rad'ial Equation of Motion

- gcFR
_s ve _(RV0)

+ gcJT _-'R + R _R

3Vz 3VR)+ Vz VT"f" - _ (2)

Circumferential-Equation of Motion

I [ 5(RVS)0 = gcF# - _ V R _R

l3(RVf)
+ v z |bz 2

(3)

Axial Equation of Motion

H t

gc J _ = gc Fz

Energy Equation

s v_ _(RV0)
+ gcJT "_z + R bz

(4)

DH t
-- = Q
Dt

D (RV 0 )
+

gcJ Dt
(5)
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Gradient of Entropy

DS _ Q (6)
Dt T

Condition of Integrability

(7)

Equations (1) through (7) relate eight unknowns in FR, FO, Fz, VR, VO,
Vz, S. and H t

The compressor design analysis considered for this study is referred to

as the simple-radial-equilibrium solution without entropy gradient. The
simplifying assumptions to be made are.

II Only stations between blade rows are considered; therefore, FR,

F 0 and F z are zero.

2. Heat transfer is zero; therefore, Q is zero.

1 Consideration need be given only to the radial equation of
motion.

4. _S/_R = 0

5. _V R/_z = 0; therefore, streamline curvature is ignored.

With these assumptions, Equations (3), (4), (6), and (7)are eliminated.

Equation (1) is then rewritten for convenience as

_¢ 2 _r "jRT= P V z RdR (8)

R H

and Equations (2) and (5) become

_Ht V 0 _(RV 0 ) _V z

gcJ _R - R _R + Vz b-'_ (9)

gc J AH t = ¢uh(RV 8) (I0)
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The usual method in the solution of this set of equations is to specify an

efficiency or total pressure loss, flow path geometry, and energy addition

through total enthalpy change or exit tangential velocity. With the blade row

inlet conditions known, the exit velocity conditions are then determined iter-

atively through Equations (8) and (9).

The primary objective of this compressor design program, however, is

to determine the flow path of the compressor for a given overall pressure

ratio. The secondary objective is that resultant aerodynamic parameters

(defined as stator hub Mach number, rotor relative hub exit flow angle, and

stator hub diffusion factor) must be less than or equal to a specified value

and that blade aspect ratio is equal to or less than an initialvalue as re-

quired by specified limit values of hub and tip ramp angle.

To accomplish this objective, it is required that energy addition be de-

termined through rotor tip diffusion factor, axial velocity ratio at the tip,

and a specified form for tangential velocity distribution. Once the energy

addition has been determined, the blade row exit annulus area is determined.

With appropriate hierarchy established on the limit ramp angle, the exit

annulus area can be located radially and the aerodynamic parameter values

calculated. Ifthe aerodynamic parameter limits are exceeded, the rotor tip

diffusion factor must be reduced to lower the aerodynamic parameter values.

The detailed procedure to accomplish the aforementioned objectives and

the development of the program logic to computerize this compressor de-

sign analysis are discussed in the following subsection. A detailed summary

of the step-by-step calculation is given in Appendix A.

DEVELOPMENT OF PROGRAM LOGIC

Rotor tip diffusion factor and tip axial velocity ratio are two parameters

exerting a controlling influence on stage configuration. For the case of a

rotor of defined tip solidity having inlet and outlet radii, these two param-

eters define stage energy addition. Under these restricted conditions, the

equation for diffusion factor at the rotor tip may be resolved to give outlet

absolute tangential velocity and from this energy addition is obtained.

The method of rewriting the equation for diffusion factor in the form of a

quadratic in V 0 is developed in Appendix A.



VOT2

where

= (1 1 1 ) 2 T2 + 2_RT2 - 4 2T

_

- 4 z2- + UT2 " q (11)

, 1 (UTI - V0T1- UT2) (12)
q = (1 - DRT) V T1 + 2O-RT

As always, in the case of a quadratic, certain restrictions in the selection of

roots must be recognized. These restrictions are emphasized at appropriate

places in this report.

The absolute tangential velocity at the rotor exit is defined by the non-

linear functional relationship:

B 2

V02 - R2 + C + DR 2 + ER 2 (13)

where B, C, D, and E are constant coefficients. To use this expression for

the radial evaluation of tangential velocity, some arbitrary method of deter-

mining the coefficients must be adopted since only one boundary condition

(i. e., at the tip) is known. It was decided to set values for the usually less

prominent coefficients C, D, and E and compute a value for B. This decision

was influenced by the fact that assigning a value of zero to C, D, and E re-

sults in a "free-vortex" type velocity distribution.

The radial profile of axial velocity may be obtained by substituting

Equation (13) into Equation (9) and integrating the resulting function with re-

spect to R.

Rewriting Equation (9) as

bV z bH t V 0 b(RV@)

Vz _R - gcJ "_R R bR

I0



or

2  Vo2
_R - 2 gc J Cp _R _R

2V02

R
(14)

Squaring Equation (13) and differentiating gives

_V02 2B 2 2BC

-R " + 2 (BE + CD) + 2 (2CE + D2)R

+ 6DER 2 + 4E2R 3 (15)

Squaring Equation (13) and multiplying by 2/R gives

2V@2 2B 2 4BC 2 (2BD + C 2)

7+7 -+ + 4 (BE + CD)

+ 2 (2CE + D2)R + 4DER 2 + 2E2R 3 (16)

Substituting Equations (15) and (16) into Equation (14) and integrating gives

Vz 2 = 2 gc J Cp T t + 2B___CC_
R

(4 BD + 2C 2) logR - 6 (BE + CD) R

- (4CE + 2D 2) R 2 - I__0DER 3 _ 3 E2R 4+ K
3 2

(17)

where K is a constant of integration, the value of which may be established

by the boundary conditions.

The program commences by defining conditions at the rotor inlet: hub/tip

radius ratio, tip speed, tip axial velocity, blockage factors, and the absolute

tangential velocity distribution. Assuming stagnation pressure and tempera-

ture uniform radially, the axial velocity distribution is determined by inte-

grating the radial equilibrium equation. The mass flow is determined by in-

tegrating the flow derivative in the radial direction. Having determined the

axial velocity distribution at the rotor inlet, all other aerodynamic quantities

may be readily calculated.

To determine rotor outlet conditions, values must be assigned to the

rotor tip diffusion factor and tip axial velocity ratio. Further, to define the

axial location of the rotor exit station, an "aspect ratio" is required. This

"aspect ratio" is interpreted as the result of dividing the difference of the

11



geometric tip and hub radii at the rotor inlet station by the axial projected

distance between inlet and exit stations. To account for nonisentropic com-

pression, a rotor polytropic efficiency is required. This is assumed con-

stant radially.

The rotor outlet conditions are arrived at by an iterative procedure which

commences by setting the geometric exit hub and tip radii equal to the inlet.

From the rotor tip diffusion factor, tip solidity, blockage factors and axial

velocity ratio, the tip absolute tangential velocity is established and from

this boundary condition, the tangential velocity distribution across the

annulus may be established. The energy transfer and stagnation pressure
rise may now be calculated.

Since all the radial variables in the equilibrium equation are now known,

this equation may be numerically integrated and, from the boundary condi-

tion of a defined tip axial velocity, a constant of integration evaluated. This
results in an axial velocity distribution across the annulus at the rotor exit

station. From the radial distribution of axial velocity, the rate of change of

flow with respect to radius may be established and integrated numerically to

give the flow through the rotor exit station. If this flow does not equal the
rotor inlet flow, the hub radius is increased (or reduced) and the calculation

repeated until convergence occurs.

Once the calculation converges on mass flow, the rotor hub ramp angle

is calculated and checked against an assigned limit. If the hub ramp angle

violates the assigned limit, then the rotor geometric exit hub radius is set at

a value for which the limit is attained, and the rotor geometric exit tip radius

reduced to the point which satisfies the flow requirements. Should the reduc-

tion of the rotor exit tip radius cause a violation of the assigned tip ramp

angle limit, then the "aspect ratio" is reduced and the calculation repeated
until continuity of flow is obtained.

Having satisfied ramp angle tests and continuity of flow, the program

now tests the absolute NIach number and relative flow angle at the exit of the
rotor hub. If either of these parameters (in this stated order) violates its

assigned limit, the program reduces the rotor tip diffusion factor and re-
peats the calculation until these limit tests are satisfied.

The calculation now proceeds to establish stator exit conditions. To de-

termine the stator exit annulus, the coefficients in the polynomial, as defined

by Equation (13), defining absolute tangential velocity at the stator exit are

required. A polytropic stage efficiency, stator hub solidity, blockage factors,
tip axial velocity ratio, and aspect ratio are also required.

The stator exit calculations for satisfying continuity commence similar

to those for the rotor by setting the exit geometric hub and tip radius equal

to the inlet values. The hub and tip ramp angles are then tested in the same

12



order as for the rotor and the aspect ratio relaxed if necessary to satisfy the
geometric limits. When the assigned geometric limits have been satisfied,
the stator hub diffusion factor is checked against its assigned limit. If this
limit is violated, the rotor tip diffusion factor is reduced and the calculation
repeated for the current stage.

When a stage configuration, satisfying all limits, is achieved, the pres-

sure ratio and energy addition are mass averaged to give stage performance.

Successive stages are added until some predetermined limit in overall pres-

sure ratio is achieved. If the limit in overall pressure cannot be exceeded

in a predetermined maximum number of stages, the calculation is terminated

and the values calculated up to this point printed out.

The logic of the program is restricted to consider only tip radii at any

station which is equal to, or less than, the inlet blade tip radii. Positive tip

ramp angles cannot occur.

This design program has been extensively used in a parametric com-

pressor study of advanced multistage axial-flow compressors reported in
Reference 2.

PROGRAM RESTRICTIONS

It has been pointed out already that the expression for the absolute tan-

gential velocity is in the form of a quadratic and subject to restrictions on
the choice of roots. It is incumbent on the user, when defining the absolute

tangential velocity through the use of the polynomial coefficients, that rational

input values for the coefficients be used since only restricted levels satisfy

the equation of continuity.

A further restriction applies to defining the input level of rotor tip dif-

fusion factor. If a maximum level is exceeded, both roots are complex and

_he physical meaning is lost. The program has error messages imbedded in

the logic so that this condition may be readily identified.

The maximum level of rotor tip diffusion factor for the inlet flow condi-

tions, tip speed, axial velocity ratio, and solidity can be easily established.
The diffusion factor is

!v2
D R = 1 - "--7 + , (18)

V 1 2 _ V 1

13



or

!

Vz2 (U 1 - V8 1) - Vz2 tan_ 2

l 'I ' + ' (19)D R = 1 - cos_ 2 V 1 2 trV 1

Since with established inlet conditions and Vz2 the rotor diffusion factor is
! !

dependent only on V82 or_2, Equation (19) can be solved for its maximum

value. Upon differentiating

d (D R) Vz2 , Vz2 1

' - 2_' ' sin_2- ' 2 '
d_ 2 cos 2VI 2erV 1 cos _2

Setting the right hand side to zero and solving for_, it is found that

(e)_2 max = arc sin (20)

and that D R is at its maximum value. Substitution of Equation (20) into

Equation (19) yields

Vz2

Vz2 (U1 - VS1) + q4er 2 -1

DRmax - 1 - +

2er ] 1

(21)

14
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APPENDIX A

SYSTEM OF EQUATIONS





The system of equations given herein defines a method for the aerodynamic design of

multistage, axial-flow compressors. The resulting designs satisfy prescribed limits on

such parameters as:

• Rotor hub relative outlet flow angle.

• Stator hub inlet Mach number.

• Stator hub diffusion factor

• Hub and tip ramp angles.

As a basis for calculation, the following simplifying assumptions are made:

• The working fluid is a perfect gas with constant specific heat.

• The flow is axisymmetric, steady, and radially isentropic.

• The effect of streamline curvature is neglected.

Roman numerals are used to define each section of the calculation. These in turn

appear on the FORTRAN source deck listing (Appendix B) and on the logical flow chart

(Appendix C).

SECTION I

At the inlet of the compressor tile following quantities are known:

Specific heat at constant pressure

Equivalent molecular weight

Ratio of specific heats

Inlet total pressure

Inlet total temperature

Inlet tip radius

Inlet tip speed

Inlet hub/tip radius ratio

Inlet axial velocity at tip

Blockage factor at tip

Blockage factor at hub

Number of radial stations used

Coefficients in absolute tangential velocity equation

Cp

M

Pti

Tti

RTIi

UTIi

(RH/RT)Ii

VzTli

8TI

8HI

N

BI, CI, DI, E

A-1 _



At each successive stage in the compressor the following quantities are known.

Axial velocity ratio at rotor tip

Rotor polytropic efficiency

Rotor tip solidity

Rotor aspect ratio

Blockage factor at tip--rotor outlet

Blockage factor at hub--rotor outlet

Ramp angle limit, rotor hub

Ramp angle limit, rotor tip

Stage ener_ addition, either

Rotor tip diffusion factor and

coefficients in absolute tangential velocity at rotor outlet
or

Coefficients in absolute tangential velocity at rotor outlet

Axial velocity ratio at stator tip

Stage polytropic efficiency

Stator hub solidity

Stator aspect ratio

Blockage factor at tip--stator outlet

Blockage factor at hub--stator outlet

Ramp angle limit, stator hub

Ramp angle limit, stator tip

Limiting stator hub diffusion factor

Limiting stator hub Mach number

Limiting relative air angle at rotor hub {outlet}

Coefficients in absolute tangential velocity equation, stator outlet

(VzT2/Vz T 1)

_PR

¢rRW

AR R

8T2

_H2

aRHL

aRTL

DRT

C 2, D 2, E 2

B 2, C 2, D 2, E 2

(VzT3/VzT2)

7/ps

_SH

AR S

_T3

SH3

aSHL

aSTL

DSHL

MSHL

!

_2HL

B 3, C 3, D3, E 3

SECTION II

Set the rotor inlet tip radius equal to the initial value.

A-2



RTI = RT1 i

Calculate the gas constant.

_M = ] 545.4]M

The staR-nation density is

144.0 Ptl
P

tl - _ Tt 1

The rotor hub geometric radius is

RH1 = RT1 1

The rotor tip effective radius is

The rotor hub effective radius is

1/2

R1, N = 8H1 RH1 + (1- 8 H )RT1

where blockage is defined as

* 2 2 2 2

(I - 8T) (RTg - RHg) ] (RTg- RTe)

and

2_ 2
(I - 8 H) (RTg RHg)

2 2

---(RHe- RHg)

such that

RTg

PV z

RHg

R dR

A-3



The axial velocity at the rotor tip may be used to evaluate the constant of integration

in Equation (17).

K] = V 2zTl - 2 B 1 C I/R 1,1 + 2 (2 B 1 D 1 + C_) log RI,1

+ 6 (B 1 E 1 + C 1 D 1) RI,1 + 2 (2 C 1 E 1 + D_) R 21,1

Since the compressor inlet total temperature is assumed radially constant the 2 gc J Cp T t

term in the foregoing equation may be ignored.

The inlet axial velocity and blade speed at the rotor tip are set to their initial value

and

Vzl, 1 = VzTli

UT1 = UT1 i

SECTION III

The annulus at the rotor inlet is subdivided into N concentric rings of equal height,

giving N+I reference radii. At each of these radii compute the axial velocity using

Equation (17) and the constant of integration from Section II. The following equations are

evaluated from m = 2 to m -- N.

Reference radii

R1, 1 - R1, N

R1, m = Rl,m_ 1 - (N-l)

Axial velocity

Vzl, m = 2 B 1 C 1]Rl,m 2 (2 B 1 D 1 + C 2) log Rl, m

- 6 (B 1 E 1 + C 1 D 1) Rl, m 2 (2 C 1 E 1 + D21 ) R 2
1, m

-[,,oi,, ..,] I,,-.;]e,.m+

A-4



SECTION IV

Calculate the conditions at the rotor inlet by executing the following steps from m = 1

tom= N.

Rotor blade speed

U1, m = RI, m\RTli]

Absolute tangential velocity

B1 R 2
= -- + C1 + D1 Rl,m + E1 1,m

VS1, m R1, m

Absolute velocity

= I_ "2 + 2 m)l]2Vl, m zl,m V01,

Static density

2 cpTt )1,m
Pl, m = Ptl, m .0 -

110'-1)

Absolute air angle

ill, = tan- 1 (V01"'-_' m/
m \Vz 1,

Relative air angle

' -I I Ul'm " VSl'm)Bl,m = tan m-
Vzl, m

Relative velocity

!

Vl, m

Vzl, m

cos B1 ' m

A-5



Relative Mach number

Ml,m

!

Vl, m

V 2 \71

2 gc J Cp/j

Abso]ute Mach number

[2

Ml, m

VI, rn

gc I' Rm ITti v? %_)11
It

2 gcJ

Axial Mach number

]2

Mzl, m

Vzl, m

e y _m ti ff_cIJm 1

]2

Set the total temperature and pressure at each radial station equal to the value at the

inlet.

Ttl,m -- Tti

Ptl, m = Pti

SECTION V

Summate the weight flow across the annulus at the inlet of the first rotor.

N-1

{v I E it (R2 • R 2
= m- 1,

144.0

m=l

m+l) (Pl, m Vzl, m + _°l,m+ 1 Vzl,m+l)

2.0

This completes the calculations for the inlet of the first rotor. Before proceeding to the

rotor outlet calculation, set each of the ramp angles to zero,

aRT = 0.0

aRH = 0.0

A-6



'*ST = 0.0

aSH = 0.0

and save initial values of aspect ratio and the B coefficient in the polynomial for tangential

velocity.

ARRi = AR R

ARsi = AR S

B2S = B 2

SECTION VI

The absolute tangential velocity at the rotor outlet tip may be explicitly defined as a

polynomial function of R 2, or implicitly defined through the rotor tip diffusion factor,

DIR T . If DRT is not given, go to Section VII.

If DRT is given the B coefficient in the function for absolute tangential velocity is

evaluated as follows. Determine the axial distance between rotor inlet and rotor outlet.

RT1 RH 1

b R --
AR R

Calculate rotor outlet tip radius,

RT2

axial velocity,

: RT1 + b Rtan aRT

( V zT2__._.._

VzT 2 : VzT 1 _VzT1]

and blade speed.

(UTli_

UT2 = RT2kRTli]

The diffusion factor at the rotor tip is given by

DRT -- 1.0

f f !

VT2 VpT1 VST2

V' + 2
T 1 °'RT VT I

A-7



or

DRT = 1.0

!

VT2
+

!

VT 1

This may be rearranged as

, VOT2 [(VT2 - 2aRT + 1.

or as

UTI - VeT 1 - UT2 + V0T 2

2 _RT V'T1

1

0 - DRT) VT1
UT1 - V0T 1 - UT2

+

20-RT

where

!

VT2 = RVoT 2 + Q (A-I)

and

R -

1

2 aRT

I !Q = (1.0- DRT) VT1 +
UT1 - V0T 1 - UT2 ]

J2 _RT

now

VT2 = T2 - V0T + VzT

Squaring and equatkng (A-1) and (A-2) results in

VoT,.* + o

which reduces to

-2 (UT2 + RQ)]V_T2 + 1.0-_'J VeT2

R 2 VST 2 + 2 QRVeT 2 + Q2

2 2 2
I VzT2 + UT2 -Q I

+ L _.o--_ 2 j---o

(A-2)

or

V 2
02,1 + SV02,1 + T = 0 (A-3)

A-8



where

S =

-2 (UT2 + RQ)]

and

T

The absolute tangential velocity at the rotor tip may be obtained by solving Equation

(A- 3).

-S - _S 2 - 4 T

VST2 = 2

The calculation is restricted to positive real roots. The coefficient B 2 is given by

B 2 = RT2 V0T 2 - C 2 RT2- D 2 R22 - E 2 R32

Go to Section VIII.

SECTION VII

Determine the axial distance between rotor inlet and rotor outlet.

RT1- RH1

b R =
AR R

Calculate rotor outlet tip radius,

RT2

axial velocity,

= RT1 + bR tan aRT

VzT 2 -- VzT 1 \VzT1]

and blade speed at geometric tip radii

UT2 = aT2 \Rwli/
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SECTION VIII

Set axial velocity at effective tip radii

Vz2,1 = VzT2

At the rotor exit station calculate the following.

Geometric hub radius

RH2 = RH1 + bR tanaRH

Effective tip radius

lR2,] = $T2 R2T2 + (1 -8T2) R H

Effective hub radius

Geometric annulus area

= 2 2
A2g lr (RT2- RH2)

Effective annulus area

= _ R 2A2e tr (R_, 1 2, N )

Blade speed at effective tip radii

_2.1 --R, '_RT,i/

Absolute tangential velocity at effective tip radii

B2
R 2

- + C2+ D2 R2,1 + E21 2,1V02' R2, 1

Total temperature at effective tip radii

(U2, 1 V02, 1 - U1, 1 VS1, 1)

Tt2, 1 = TtI, 1 +
gc J Cp
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andthe constantof integration, K2, for the axial velocity equation is

K 2 = V 2zT2 - 2 B 2 C2/R2,1 + 2 (2 B 2 D 2+ C_) logR2,1

2
+ 6 (B 2 E 2 + C 2 D 2) R2,1 + 2 (2 C 2 E 2 + D_) R2,1

2,1 2,1 gcJ p Tt2, l

SECTION IX

The annulus at the rotor exit is subdivided into N concentric rings of equal height,

giving N+I reference radii. At each of these radii, compute the blade speed, absolute

tangential velocity, total temperature, and axial velocity. The following steps are exe-

cuted for m = 2, N.

R2, m = R2, m_ 1
R2, 1 - R2, N

(N-l)

/UTli_

U2, m = R2, m\RTIi]

B2

V02, m - + C2 + D2 R2, m + E2 R22, m
R2, m

Tt2, m = Ttl,m

Vz2, m = t

SECTION X

U2, m V02, m- U1, m V01, m
+

gc J Cp

2 B 2 C2/R2, m - 2 (2 B 2 D 2 + C_) log R2, m

- 6 (B 2 E 2 + C 2 D 2) R2, m- 2 (2 C 2 E 2 + D_} R 22, m

2, m 2, m + 2 gc J CpTt2 ,m

1/2

At the rotor exit station, the following functions are evaluated for m = 1, N.

Total pressure

'_PR (T/(T-I))

Pt2, m = Ptl,m \Ttl '
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Total density

#t2, m =

144.0 Pt2, m

_" m Tt2, m

Absolute velocity

V2, m : (V2z2,

1/2
m + V_2, m )

Static density

P2, m = Pt2,m "

Absolute air angle

1/(_- 1)

-' )2, m

2 gc J Cp Tt2 ' m

_2 m = tan-1 (V62'm_
• \vz2, m/

Relative air angle

!

_2, m = tan -1 / U2,

Relative velocity

|

V2.m

Vz2, m

cos ,82 m
$

Diffusion factor

DR, m

V2, m 1,
=I.0 - +

!

Vl,m

Static temperature

V 2
2,m

T2, m = Tt2, m - 2 gc J Cp

I12

I

2 *RT V1, m

-1

_Rl, m + R2, m)]

Sonic velocity

a2, m : (gc _' _'m T2, m )112
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Absolute Mach number

V2, m
M2, m -

a2, m

Ideal relative total pressure ratio

(PAt, m)id 1.0+

--[I2 m

Vl, m - 1,

gc ?_m tl, m + 2 7c 7 Cp

Loss coefficient

_I(_-i)

!

_R,m = (PRt, m}id
1.0

Pt2, m

1.0 "

tl, m/

. i, o /_'/(_- 1T-I '2
1.0 +--M

2 l.m

Relative Mach number

!

V2, m
M r

2, m
a2, m

Axial Mach number

Vz2, m

Mz2, m -
a2, m

Loss parameter

!

JR, m cos _2,
ZR, m =

2 O'RT

SECTION XI

_(R1, m + R2,

-1

Summate the weight flow across the annulus at the exit of the rotor.
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N-I
_ R 2_'_ 'r(R2, m 2, m+l )

¢2 = _ 144.0

m=l

(P2, m Vz2, m + P2, m+l Vz2, m+l)

2.0

SECTION XII

Calculate the absolute value of the error by which the weight flow at the rotor exit

differs from the weight flow at the rotor inlet.

I¢2 - _'i I
E '

W -

¢2

IfE q¢ < 0. 001 continuity of flow is assumed to be satisfied and the calculation proceeds

to Section X.XIV. If E W >0. 001 the rotor exit annulus area must be altered to satisfy con-

tinuity. Since this may be accomplished in one of three ways, a logical test must be made

to determine the method to be followed.

If the rotor hub ramp angle is less than its specified limit, proceed to Section XXIII.

If the rotor hub ramp angle is at its specified limit but the rotor tip ramp angle is equal to

or less than zero and greater than its limit, proceed to Section XXV. If both the rotor hub

and tip ramp angles are at their limit, calculate a new geometric area for the rotor exit.

A2_ (@I - @2 )

Ane w = A2g +
¢2

If the absolute value of the rotor tip ramp angle is equal to the absolute value of the

rotor hub ramp angle proceed to Section XXVII; if the angles are unequal proceed to Sec-

tion XX-v" I.

SECTION XIII

Having satisfied the limitations on rotor hub and tip ramp angles the absolute Mach

number at the rotor hub is tested. If the Mach number does not exceed its desired limit

go to Section XIV. If the desired limit is exceeded, modify the B coefficient in Equation

(13) and calculate a new value for the absolute tangential velocity at the rotor tip.

The revised value of B 2 is calculated as follows. The total temperature at the rotor

tip is

Tt2, N = Ttl,N +
U2, NV92, N- UI, NV01,N

gc J Cp

A-14



andthe static temperature is

T2, N = Tt2, N

2 V 2
Vz2, N + 02, N

2 gcJ Cp

Combine these two equations and obtain the square of the Mach number.

M_, N :
V22, N + V_2, N

gc _ _m /Ttl,
U2, NV82, N- UI,NVSI,N

N +
gc J Cp

Vz2, N

2 gc J Cp

This may be rearranged to give

V 2 +V 2 = AA + U2,NV62'N- UI'NVOI'N Vz2'N-V02'

z2, N 02, N tl, N gcj Cp 2 gc J Cp

where

AA -- M 2
2, N gc TAm

Separating the terms gives a quadratic in V82" N:

V02 N ! + - V82, N ......
, 2 gcJ c \ gJ op /

AA U1, N VS1, N
V 2 - AA +

+ z2, N Ttl, N gc J Cp

=0

or

v2 tv:N82, N + V82, N 1 + BB / +

- AA Ttl ' N
+ BB V 2 --_

z2,

+I 2BB UI,

I+BB

N VSI, N1 =
0

where

AA
BB -

2gcJ Cp
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This quadraticmaybe solvedfor V02' N"

-- - CC+ _CC 2- DD
Ve2, N

where

BB U2, N
CC = -

I+BB

and

DD = (vh N AATtl N+BBVz 2N' + 2 BBUI, NVsII+BB

The B 2 coefficient is given by

B2 = V02, N R2, N - C2 R2, N - D2 R22,N - E2 R32, N

Reinitialize the values of rotor hub ramp angle, rotor tip ramp angle, and aspect ratio,

aRH = 0.0

aRT = 0.0

AR R = ARRi

and return to Section VH.

SECTION xrv

Test to see if the outlet relative flow angle at the rotor hub exceeds the desired limit.

If the limit is not exceeded, go to Section XV. If the limit is exceeded modify the B 2 co-

efficient as follows.

' 2
B2 = (U2, N- Vz2, Ntan_sH) R2, N- C2 R2, N- D2 R2, N- E2 R23,N

Reinitialize roter hub ramp angle, tip ramp angle, and aspect ratio

aRH = 0.0

aRT = 0.0

AR R = ARRi

and return to Section VH.
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SECTIONXV

Having satisfied the specified limits on rotor hub and tip ramp angles, hub outlet

absolute Mach number, and outlet relative air angle, the calculation proceeds to establish

stator outlet conditions. Determine the axial distance between stator inlet and stator out-

let.

RT2- RH2
b S =

AR S

Calculate stator outlet tip radius

RT3 = RT2 + b stan-ST

Set the outlet total temperature at the stator tip

Tt3,1 = Tt2,1

Geometric hub radius

RH3 : RH2 + b StanaSH

Effective tip radius

l , R23R3, 1 : 8T3

z/2

Effective hub radius

* 2 8H3) 2 1/2= RT3R3, N 8H3 RH3 + (1 -

Geometric annulus area

Effective annulus area

= - R 2
A3e _(R23, 1 3, N )

Tip axial velocity

VzT3_
VzT 3 : VzT 2\vzT2]
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Evaluate the constant of integration K 3, for the axial velocity equation.

2 _
K 3 = VzT 3 2 B 3 C3/R3,1 + 2 (2 B 3 D 3 + C32) logR3,1 + 6 (B 3 E 3 + C 3 D 3) R3,1

3,1 + 10[31 D3 E 3 3,1 + 3/2) E 3,1

2 gcJ CpTt3 ,I

Set the axial velocity at the effective tip radii.

Vz3, 1 = VzT3

SECTION XVI

The annulus at the stator exit is subdivided into N concentric rings of equal height,

giving N+I reference radii. At each of these radii calculate the total temperature and

axial velocity.

R3, 1 - R3, N

R3, m = R3, m-I N- 1

Tt3, m

Vz3, m

= Tt2, m

= {2 B 3 C 3/R3,m

-2 (2 C 3 E 3 + Dg) R 2
3, m

+ 2 ge JcpTt3 'm + K3}

- 2 (2 B 3 D 3 + C 2) logR3, m

- [(10/3) D3 E3]R3 m3,

112

- 6 (B 3 E 3 + C 3 D 3) R3, m

3, m

SECTION XVII

At the stator exit station the following functions are evaluated for m=l, N.

Absolute tangential velocity

B3

= + C3 + D3 R3, m + E3 R23, m
V83, m R3, m

Total pressure

,Tps ('rio'- 1))

Pt3, m = Ptl, m \Ttl 'm

A-18



Total density

144.0 Pt3, m

Pt3, m =
_m Tt3, m

Absolute velocity

V3, m -_ ( V23'm+ V_3, m) l/2

Static density

P3,m = Pt3, m _.0 -

t/(_- t)

2 gc J cp Tt3 '

Absolute air angle

\Vz3, m/

Diffusion factor

V3, m
= ""'" 4-

DS, m I. 0 V2, m
(V82. m- V8 3, m ) F (RH2 ÷ RH3) _1

-1

Loss coefficient

_S, m

I-°

It. 0 - Pt3, m_Pt2, m ]

1.0
il Y-1 M2.0 4-_ 2, m) _/(v'l

Sonic velocity

a3,m = Igc 7 _-m /Tt3, m

Absolute Mach number

_ V3, m

M3, m -
a3, m
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Loss parameter

_S, m cos B3, m

ZS, m = 2 ¢rSH

SECTION XVIII

2,m + R3, m]

-1

Summate the weight flow across the annulus at the exit of the stator.

N-1

w3 = E "(R2, m[4_._-R23'm+l )

m = l

(P3, m Vz3, m + P3, m+l Vz3, m+l)

2.0

SECTION XIX

Calculate the following mass averaged parameters:

Stage pressure ratio

R C =

N-1

_'_ [{P__t3_,m+ Pt3, m+ll_'-l)F_'0]________ _1.
S[\Ptl,m + Ptl,m+l

m=l

Cumulative pressure ratio

(Rc)ov :

N-1

S t3, m_ +_ Pt3__..,m+l. _
2.0 Pti

m=l

Stage temperature ratio

T R =

N-]

sb" 01
m=l

w3
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Cumulative temperature ratio

(TR)ov = zITt3'm I.

2.0 Tti

m=1

{v3

where:

S

R2,r(R ,m 3, m+l ) (P3, mVz3, m + P3, m+l Vz3, m+l)

144.0 2.0

The stage adiabatic efficiency is given by

:E
and cumulative adiabatic efficiency by

Calculate the absolute value of the error by which the weight flow at the stator exit differs

from the weight flow at the rotor inlet.

_'3

If _, - 0. 001, continuity of flow is assumed to be satisfied and the calculation pro-

ceeds to Section XXIX. If ,W >0. 001, the stator exit annulus area must be altered to

satisfy continuity. This is accomplished in a manner similar to that outlined for the rotor

in Section XII.

If the stator hub ramp angle is less than its specified limit proceed to Section XXVHI.

If the stator hub ramp angle is at its specified limit, but the stator tip ramp angle is equal

to or less than zero, and greater than its limit proceed to Section XX_. If both the stator

hub and tip ramp angles are at their limit calculate a new effective area for the stator

exit.

Ane w = A3e +

A3e (Wl - _3)

_3
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If the absolute value of the stator tip ramp angle is equal to the absolute value of the stator

hub ramp angle proceed to Section XXXII; if the angles are unequal proceed to Section

XXXI.

SECTION XX

Having satisfied the limitations on stator hub and tip ramp angles, the diffusion factor

at the stator hub is tested to determine if it exceeds a desired limit. If the limit has not

been exceeded, go to Section XXI. If the limit has been exceeded, modify the B 2 co-

efficient in the polynomial function for absolute tangential velocity at the rotor exit and

calculate new rotor exit conditions.

The revised value of B 2 is calculated as follows.

The stator hub D-factor is given by

V3, N (V02, N - V03_ N )

DSH = 1.0- 2 2 1/2 + 2 2 1]2
(V02, N + Vz2, N ) 2 erSH (V62 ' N + Vz2, N )

This may be rearranged to give

V3, N + (V03, N - V02, N )]2 aSH

(1.0 - DSH)
= (v 2, N+ V 2. N)1/2

or

2 1/2AF + BF V02,N = (V 2, N + Vz2, N )

where

AF =
-V3, N " Ve3, N/2 erSH

DSH - 1.0

BF = 1/2 crSH (DsH - 1.0)

Squaring Equation (A-4) and rearrangement into a quadratic in V02 yields

2 + 2 CF V 6 + DF = 0V02, N 2, N

(A-4)
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where

- (AF) (BF)
CF --

1 - (Be) 2

Vz22, N - ( AF)2
DF --

1 - (BF) 2

Thus, the absolute tangential velocity at the rotor hub is given by

= - CF ±qCF 2 - DF
V82, N

The required root must be positive. If two positive roots occur, the original expression

for DSH should be tested to determine which is the correct root. The new value for the

B 2 coefficient is given by

2 3

B2 = R2, NV02, N - C2 R2, N- D2 R2, N E2 R2, N

Reinitialize hub and tip ramp angles, and aspect ratios for both rotor and stator.

aRH = 0.0

aRT = 0.0

aSH = 0.0

aST = 0.0

AR R = ARRi

AR S : ARsi

and return to Section VII.

SECTION XXI

This completes the performance calculations for a stage. Print the stage output and

test if the required overall pressure ratio has been achieved.

If the required pressure ratio has been reached, print a statement to this effect and

proceed to Section I and commence another data set. If the required pressure ratio has

not been reached, test to determine if the maximum number of stages has been exceeded.

If the maximum number of stages has not been exceeded, go to Section XXII and calculate

the inlet conditions to the next rotor. If the maximum number of stages has been exceeded,

print a statement to this effect and proceed to Section I and commence another data set.
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SECTIONX.XII

Calculate the conditions at the rotor inlet by executing the following steps from m=l to

m=N.

Rotor blade speed

U1, m -- R3, m\RTli /

Absolute tangential velocity

VOl,m = V03, m

Absolute velocity

V1, rn = V3, m

Absolute air angle

B1, m = _3, m

Relative air angle

-1I

Zi = tan

Relative velocity

, Vz3, m

V I - ,
,m cos _I, 12n

Axial velocity

Vzl,m = Vz3, m

Reference radius

R1, m = R3, m

A-24



Sonic speed

al,m = Igc 7_mQTt3,

Absolute Mach number

m

2 1

2 gc J Cp/j

/2

Vl, m
Ml,m

al,m

Relative Mach number

!

, Vl, m
M 1 =,m

al, m

Total temperature

Ttl, m = Tt3, m

Total pressure

Ptl, m

Tip radius

= Pt3, m

RTI = RT3

Hub radius

RH1 = RH3

Proceed to Section I and commence the calculation of another stage.

SECTION XXIII

Calculate new rotor exit annulus area, hub radius, and ramp angle.

Ane w = A2e +
A2e (_I - _2)

_'2

RHnew = IR2,2 -

]2
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F RH1;
aRH = tan-1 |(RHnew_

[ DR

Go to Section VIII.

SECTION XXIV

At this point in the calculation, continuity of flow has been satisfied; however, the hub

or tip ramp angle limits may have been violated in the last iterative loop,

A three-branch logical test is made to determine the history of ramp angle changes.

This test is as follows: If the hub ramp angle has not been previously set to its 1Lmit,

check to see if it now exceeds its limit. If the limit is not exceeded go to Section XIII. If

the limit is exceeded set a RH = a RHL and go to Section VIII.

If the hub ramp angle has been previously set at its limit, but the tip ramp angle has

not, check to see if the tip ramp angle is now below its limit. If the limit is not violated,

test to see if aRT is positive. If yes, this is considered unacceptable and the calculation

is terminated. If no, go to Section XIII. If the limit is violated, set aRT = aRTL and go to

Section VI. If both the hub and tip ramp angles have been previously set at their limit go

to Section XIII.

SECTION XXV

Calculate new rotor exit annulus area, tip radius, and tip ramp angle.

Ane w = A2e

A2e ('_1 - w2 )
+

_2

RTne w

aRT :

R , ,  ]1/2: 2 + Anew/_r ($T2 +8 H2 - 1

tan-1 (RTnew- RT1)

b R

Go to Section VI.

SECTION XXVI

Calculate a new value for the axial distance between rotor inlet and exit reference

stations. The new annulus area calculated in Section XII may also be expressed as
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where

A = w(R22 - R22 )new

and

RT2 -- RT1 + b R tan aLIRTL

RH2 = RH1 + b R tan aRH L

or

Anew/,, = (R21 + 2 b R RTI tan aRT L + b_ tan2 aRT L)

2 2 2
- (RHI+ 2 bR RH1tana_RH L + bR tan aRi_iL)

This may be rearranged as:

2 2
0 = b R(tan 2 _RTL- tan aRI_IL ) + 2 b R (RT1 tan _TL- RH1 tan a_RHL)

2 2 . Anew/f )+ (RTI - RHI

or

where

2
0 = b R+ 2 BE bR+ CE

BE =

CE =

RT1 tan aRT L - RH1 tan aRH L

AE

R21 - R21 - Anew/"

AE

and

AE = (tan2 _RTL tan2- _RHL )

The axial distance between rotor inlet and exit reference stations is given by:

b R -- - BE + %/BE 2- CE
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Calculate new aspect ratio.

(RTI - RHI)

AR R =
b R

Go to Section VI.

SECTION XXVII

This section is similar to Section XXVI with the restriction that I_RHL[
1 |

This gives

2 2
Anew/- = (RT1 - 2 b R RT1 tanaRH L- RH1 - 2 bR RH1 tanaRHL)

or

R21 - R2H1-Anew/"

b R =
2 tanaRH L (RT1 + RH1 )

Calculate new aspect ratio.

(RTI - RHI)

AR R =
bR

Go to Section VI.

SECTION XXVIII

Calculate new effective annulus area at stator exit.

Ane w -- A3e +

Calculate new hub radius.

RHne w T3

Calculate hub ramp angle.

aSH = tan -1

A3e(_ 1 - @3 )

_3

Anew 1"(8T3 +8H3 -1

1/2

RHnew- RH2 /
bs
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Goto SectionX-V.

SECTION _-KIX

The situation in the stator at this point is similar to that which prevailed in the rotor

at Section XXIV and an analogous test is made to determine ramp angle changes. If the

hub ramp angle has not been previously set to its limit, check to see if it now exceeds its

limit. If the limit is not exceeded go to Section XX. If the limit is exceeded, set aSH =

aSH L and go to Section XV.

If the hub ramp angle has been previously set at its limit, but the tip ramp angle has

not, check to see if the tip ramp angle is now below its limit. If the limit is not violated,

test if mST is positive. If yes, this is considered unacceptable and the calculation is ter-

minated. If no, go to Section XX. If the limit is violated, set a ST = a STL and go to Sec-

tion XV. If both the hub and tip ramp angles have been previously set at their limit go to

Section XX.

SECTION XXX

Calculate a new effective annulus area at stator exit.

Ane w = A3e +

A3e(_l- w3)

_3

Calculate new tip radius.

RTne w = IR23
+

_Pn,__w l 1
'r(ST3 + 8H3 -i)

12

Calculate new tip ramp angle.

: -
[. Us

Go to Section XV.

SECTION XXXI

Using a method similar to that derived in Section XXVI for the rotor, a new value for

the axial distance between stator inlet and exit reference stations may be calculated.

b S : BE +_BE 2- CE
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where

BE =

CE --

RT2 tan aST L - RH2 tan "SI-IL

AE

and

AE tan 2 a STL tan2= - a SHL

Calculate new aspect ratio.

RT2- RH2

AR S =
b S

Go to Section XV.

SECTION XXXII

This section is similar to Section XXVII for the rotor.

inlet and exit reference stations

2 _ R 2
RT2 H2- Anew/It

b S =
2 tan aRH L (RT2 + RH2)

The axial distance between the

Calculate new aspect ratio.

AR S -

RT2 - RH2

b S

Go to Section XV.
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SEXECUTE
riB JOB N34
$IBFTC WAIN

IBJOB

OO,NOLIST

C _** ADVANCED MULTISTAGE AXIAL-FLCW COMPRESSOR DESIGN CALCULATION

C

C

=_'* CALCULATIJNS ARE MADE AT UP TO IL RADIAL POSITIONS USING THE

4,** ENERGY, MOMENTUM AND CONTINUIIY EQUATIONS.

C

C

_,IW_, AXISYM_ETRIC FLOW IS ASSUMED AND NO RADIAL GRADIENTS OF

_*'_ ENTROPY NOR EFFECT OF CURVATURES OF STREAMLINES ARE INCLUDED

C

C

*** ROUNOARY LAYER BLOCKAGE FACTORS ARE INCLIJDED WITH MASS FLOW

*** BEING INTEGRATED RADIALLY. o-

C

C

*** THE WORKING FLUID IS A PERFECT GAS WITH CONSTANT SPECIFIC

e** HEAT.

C

C

*** STAGES WILL BF ADDED UNTIL A SPECIFIED PRESSURE RATIO IS

*_* INCLUOED.

REAL MW,N_R,NPS,MSH,KI,M|P,K2,M2,K) "

REAL MI,MZ£, M2P, MZ2, M3, MZ3

DIMENSION MI(I|.|,MZ_(lI|,M2P(II|,MZ2{I[) ,M3(II),wZ3(II|,A3(11)

DIMENSION VT2OTI(50) ,NPR(50),SRTIP(50),ARR(50),DTIP2(SO),OH2(53),

IARHL |50) ,ARTL (50) ,DRT(50) ,B2 (50! ,CZ |50J ,D2( 501 ,E2 (50) ,VT3OT2! 50 I,

2NPS( 50 ), SSH( 501 ,ARS! 50) ,OIl P3(50 ),DH3(50) ,ASHL (50) ,ASTL{50),

3DSH(5OI,MSHISOI,BPSH|5OI,B3(50),C3(50),D3150) ,E3(50)
DIMENSION VZl(tt) ,UII tZ I iV01 |II),RHCSII II I ,BETAL( 11 l, BETAIP(III,

IV|PIll

2VOZ(I[

3BETA2(

4PRI(II

5PT3Itl
6ZSI11)

DIMENS

),MIP( 11 ), TT

I,TT2( 11 ) ,VZ

It),BETA2PI 1

),WR_IIII,ZR

) ,RHOT3 ( 11),

,R S3VZ3( 11I ,

ION RI(III,V

Illl),PTI(II!

2(11),PT2(11!

II,V2P(II),DR

|11),RS2VZZII

V3(ll},RHCS3(

ATHRE(II),WW3

I(II),V£3lli)

,RSIVZI(11),ACNEIItI,R2(III,U2(Ll),

,RHOT2(I.I ),V2(It),RHOS2(11I,

(III ,TS2 (11) ,ATWO( 11), W2(lt I,

I) ,ATO(II ) ,TT3( 11 ) ,R3( II I,V03( II ),

£I) , BETA3 (£I) ,DS (£11 ,WSB(IX !,

Illl

DIMENSION ARHD(SOI,ARTD|50| ,ASHO(50),ASTD(50|,BETID|III,BETIPD(II|

I,BET2D! II|,BET2PD(II|,BET3DIIl),BPSD(50|,TITL(12D

D IMENSI,r]N 60| 50| ,ARf)(50 |,ASC150 )

COMMON IS[NITL/CON5,CP,DHI,DTIPI,ERI,ER2,ER3,ERA,ER5tER6,ER?,GAM,

IMW,RCLIM,RHORTI,RTI Pll, TEMP,UTI Pl I ,VZT[ Pl

CGMMrIN /CHEC/IFLAG,kSLIM

COMMON /COM2/PTI ,TTI ,CONI,CON2,CCh3,CONA,C, OGMI, BI,CI,DI,EI

COMMqN ICOM311GO,ITS, ITR,IOPT,IIB,IID,[ IM,FACTOR,ANM[,CON6,CONT,

£CON8, ITAL7

COMMON I,INC,IPR2,N,VT2OT1,NPR,SRTIP,ARRI,I)TIP2,DH2tARHD,ARTD,DRT,

IB2SAVE,C2, DZ,E2, VT3OT2,NPS, SSH, AR ST ,DTI P3,DH3, ASHD, ASTD, DSH, MSH,

2BPSO, B3,C3,O3,E3, WI ,RCOt TRO,E TAO,RC t TR, ETA, RTI Pl ,ARR, ARSt RHI, RT IP2

3,RH2, RTIP3,RH3, BR ,B S,M,BETID,BETAI, BETI PDtBETAIP,RI,UI,VZl, VOI,VI,

4VIP, MIP,Mt, MZ I, BETZD,BE TA2, BETZPD ,BETA2 P, R2 ,U2, VZ2,V02, V2,V2P,DR,

5M2P,M2, MZZ, BET3D, BE IA3,R3t VZ3,VO3tV3tOS, M3, WRB, ZR, WSB, ZS, MZ3, ALPST

E,ALPSH, IERROR

COMMON IPR1,KLtUTIPI,RM,RHOTI,AONE,RSIVZ1,NMI,RHOSI,TTI,PTItW2,

IEWA, VZT IP2, AZG ,A2E, K2, I TALl ,ALPRH, RHNEW, ANEW, TAARTL,T AARHL, AE, BE,

2CE,ALPRT,RTNEW,B2,TT2,PT2,RHOT2 tRHOS2,T S2, ATWO,PRI tATO,RS2VZ2

3,UTIP2,V('ITIP2,Q,R,S,T,ITAL2,AA,BB,CC,DD, ITAL3,BPSH,W3,A)G,A3E,PT3,

4VZ TIP3,K3, PRW3,PROW3, TRW3 , TROW3 ,TT3 ,RHOS3 , TAASHL, TAASTL, ASHL , ASTL,

5A3,ATHRE,R S]VZ 3, WW3, I TALB,AF,BF,CF,DF __/_



C
C
C
C

C

C

C

6, VZT I PO, ARHL ,ARTL,RHOT3, Tl TLeBOtARC,ASO

NAMELIST fNAMEfCP,MW,G&M,TTI,PTI,RCLIM, RTIPlI,UTIPII,RHORTI,VZTIpO

I, DTIP|,DHI, BL,CI,OI,EI,N,_SLI M, I PRI , IPR2,VT2OTL,NPR, SRT IP,ARO,

2(JT IP2,rIH2, ARHD, ARTD,DRT,B(],C2tDZ,E2,VT3OT2,NPS, SSH, ASO, DT IP3tDH3,

3ASPD, ASTD, DSH,MSH,BPSD, B3,C3,D39E3

C

C

C

w_** IPR] IS A DUMP TRIGGER WHICH IS USED AS FOLLOWS ..,
*** WHEN =0, DUMPS WILL NOT OCCUR.

_** WHEN =1, A MINIMUM OF DYNAMIC DUMPS WILL OCCUR.

*_* WHEN =2, ALL DYKA_IC DUMPS WILL OCCUR.

e** IPR_ IS A TRIGGER WHICH WHEN =1, WILL CAUSE ONlY INFORMATION

*=* AT THE HUB A_D TIP TO BE PRINTED. IF IPR2 =O, INFORMATION

*** AT ALL STATIONS WILl BE PRINTED.

¢** STAR T SEC T ION I

IO REiD (5,11! IREAD,ITITL(II,I=X,IZ)

II FORMAT (I1,AS,IIAA!

lgCO WRITE (6,26! (TITLIII,I=Z,I2!

26 FORMAT (IHI23X,AS,II&A¿//)

IERROR=O

era= READ INITIAL DATA

**¢ READ DATA FOR EACH STAGE

IF (]READ.GT.O) GO TO 19

READ (5,NAME|

GO TO 21

Ig READ(5,151 CP,MW,GAM,

I DTIPI,DHI,BI,C1,DI,E

15 FrlRMAT ( 9FB.O/'TFS.O,2
20 DO 22 I=|.,NSLtM

READ (5,25) VT2nT1(l)

IARHD( [I,ARTD( I),DgT( I

READ (5,251 VT3OT2(II

I,ASTD(1),DSH( I),MSH(I

22 CONTINUE

25 FORMAT(BF9.O)

TTI ,PTI ,RC LI M, RTI Pll ,UTI PlI, RHORTI,VZT IPO,
I, N,NSLI M,I PRI ,IPR2

I3,2IlI

,NPR(I ), SR Tl P(I) ,ARO(I I ,DTIP2 (I) ,DH2( I l,

),BO(I I,CZ(II,D2(II,EZ(1)

,NPS( I ) ,SSH( I ) ,ASO( I ) ,DTIP)( I ) ,DH3( I !, ASHD( I )

),IPSD (I) ,B3(I ) ,C) (I) ,D3(I ),E]I I }

*** FND SECTION I

21

24

CO 24 I=I,NSLIM
B2( (}=BOIl!

ARR( I I=ARO( I !

ARS( I )=ASO( I )

ITR-O

ITS=O

I IM--O

IIP.=O

IID-O

VZTIPl--VZTIPO

CALL CHECK

IF { IFLAG.GT.O!

CALL INITL

IF ( IFL&G.GT,O)

GO TO 35CC

GO TO 10
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4,=,_ CALCULATE: AT FIRST ROTOR [NLET,,,WHEEL SPEEDy THETA VELOCITY

**=x ABSOLUTE VELOCITY, STATIC DENSITYt ABSOLUTE FLOW ANGLE,

_,_,,=RELATIVE FLOW ANGLE, RELATIVE VELOCITY, RELATIVE MACH NUMBER

*=_' SET TOTAL TEMPERATURE, CALCULATE ABSOLUTE MACH NUMBER_

,_*,_ AXIAL MACH NUMBERt AND SET TOTAL PRESSURE

CALL INLET

IF I IFLAG°GT.O! GO TO XO

C **= TEST THE DUMP TRIGGER

IO1 IF { IPRI-II L20,6CCO,6CO(J

6000 CALL OUT[

C

C

C

*_,,_ THIS ENDS INLET CCWPUTATICNS

**_, NOW LET US START THE ROTOR EXIT COMPUTATIONS

w,_,w,START MAJOR DO LOOP CN NUMBER OF STAGES

C

Z20 D{') 10OO [=L,NSLIM

IOPT=L

FACTnR=£.O

,_,_w INITTALIZE LOOP" COIJNTERS

Z22 ITALI=O

ITAL2=O

ITALJ=C

[TALT=O

ITALB=O

C _,ww,=SET RAMP ANGLES TO ZERO

ALPRT= O.

ALPRH= O.

ALPST= O.

ALPSH= O •

C *** SAVE INPUT ASPECT RATIOS AND B2

ARRI=ARRI I}

ARSI=ARS([)

B2SAVE=B2{I)

C _w,=_wSTART SECTION VI

C w_** IF F)RT(1) (D-FACTORI AT THE TIP IS NON-ZERO WE MUST

C. *.=_, CALCULATE R2 IN THE POLYNOMIAL EXPRESSICIN OF WHIRL VELOCITY

C ,=w= B 21R +C 2 _D Zw_R _.E2*R _WR

130 IF ((ITAL2_ITALJ+ITALB).GT.O| GO TO t_.U

IF (ORT(II.E:_.,).I GO TO 1.40

C w_,_, COMPUTE AXIAL BLADE LENGTH (ROTOR)

BR= (RTIPI-RHLIIARR( [ )

C .,w= CALCULATE TIP RADIUS AT ROTOR EXIT
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RTIP2= RTI_I_BR_'SIN(ALPRT)/COS(ALPRT)

C _'_,* SET AXIAL VELOCITY AT TIP

VZTIP2= VZT IPlW_VT2OTI(I |

C .,vw= CALCIILAI'E TIP WHEEL SPEED F.PoS.

UTIP2= CON4,O,RT IP 2

C _,_ PREPARE TCI CALCULATE COEFFICIENT OF IlR IN WHIRL VELOCITY

C *** Pr]LYNNMIAL FROM D-FACTOR INITIAL

Q= VlP( I)* ( I.-DRT ( I )I _'(UTI PI-VOI (1)-UTI P2) / {2.,_,SRT Ip( I) I
R= 1.1(2.*SRTIP(I )!

ERI= 1 .-R_'R

S= -2._'[UTIP2÷Q'=RI/ERI

T= (VZTIP2_,_,2 ÷ UTIPZWW_, 2 - Q*O)/ER1
TEMP= S_ S-4 .,I,T

IF (TEMP.GE.O.) GO TO 8011

WRITE (6,_0101

8010 FORMAT(IIIO4H WITH INPUT ROTOR INLET AND EXIT CONDITIONS, THE GIVE

IN DRT WOULD REQUIRE NEGATIVE TANGEKTIAL VEL. AT TIP )
GO 1"0 3500

8011 VOTIP2= (-S- SORT(TEMPI)f2.

C *=* B2 IS THE COEFFICIENT OF fIR

R2(1)=RTI_)2,_VOTIP2-C2(1)=RTIP2-D2(1)_RTIP2e.2-E2(1)W_RTIP2W_,I,3

C =ww_, END SECTION VI

C ww,w. TEST THE DUMP TRIGGER

112 IF ! IPRI-I.I 160,60B0,6030
6030 CALL OUT3

GO TN 16C

C _,,_w=START SECTION VII

C _,=x, COMPUTE AXIAL BLADE LENGTH (RCTOR)

140 RR= (RTIP1-RHIIIARR(T)

C .ww, CALCULATE RDT(3R EXIT TIP RADIUS

RTIP2= RT [P I_.BR'kSIN (ALPR T)/COS{ ALPRT)

C _'= CALCULATE ROTOR EXIT TIP AXIAL VELOCITY

VZTIP2= V/.TIPI*VT2OTI(I)

C ,e,== CALCULATE ROTOR EXIT TIP WHEEL SPEED

UTID2= CCN4*R T IP2

C *1,w, END SECTION VII
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C

C

C

C
C
C
C

I60

170

180

*_ STARI SECTICN VIII

VZ2(l|= VZTIP_

_** CALCLLAT_ hie R_GIbS AT RCICR E_IT

Rh2 = RPI _ ER_SIN{ALPRhIICCS(ALPRh)

4.$ C_LCULAIE EFFECTIVE TIP A_D bbB R_CI[

R2(I_=SCRI{£11F2(IICRIIP2**_6II.-CIIP2(1)_*RF2**2_

R2(N|=SGRTICM2III*RF2*_2&(I.-Gh2III)_RTIP2**2)

*** CALCbLATE GECMEIRIC AHE_ ANC EFFECTIVE _R_A

A2G=3.1419_6_(RTIP2**2-_F2_RF2)
A2E=3.1415926*(R2[L|_*2-RZIh)_*21

_** CALCULAI_ TIP _FEEL SPEED

b2(1)= CCR_R2(I}

_* CALCbLATE lip TANGENTIAL VELOCITY

VC2(I}= E2(I)IH2( II _ C2(1) _C2(LI_R2(l}6E2(I}_2(I}_2

*** CALCLLATE TIP RCTOR EXIT ICTAL TEMPERAILRF

TT2(I)= IIIll)_(U_(II_VG_II)-LLILI*_CI{I))/CL_9

**# PREF_PE IC CALCLLATE CC_STA_[ lh IFE _[_t VELCCITY EC. (_I)

ER2= 4._2( I}_£21 I)&2.*C211)_#2

ER3= 6.*_|I)*E211}&b.*C2(II*C2(1)
ER4= 4.*C2(I}_E2{I}_2._2(I)_,2

ER5 = I0.*£_([}_E2(I)13.

ER6= 1.5.E2(I)_,2
K2: VZTIP2*_2-ERIIR2( I)_ER2_ALCG{R2(1)} _ ER_R2(I) _ Ek4_2(1l_2

I & ERS*R2(I)_*3 & ERe_R2(II#*4 - CO_L_TT2(L}

_:: E_C SECIICN VIII

*** SI_RT $ECTICN IX

EE7=(R2([I-R2(hl)/ANMI

*** CIVIEE FLC_ PATh INIC ECLAL PArT_

ee* CALCULAIE IhTE_M_LATE RAGII, _MEEL SPd_I], IAK_C_TIAL

*** VELCCITY_ TCIAL IEMPERAIURE, AN_ AXI4L _ELLCIIY AT _CH

_** STREAMLINE

_C 190 P=_h
R2IM)= _2(M-l) - ER7

U2IM)= C_4_R2IM)
VC2IM)= E_II|IR2IP) & C2III 6C2|I)_R2{M)_E2(I)_R2(M)_2

TT2(M)= TIIIM)&IU2(MI*VC2(MI-bI{M)_VOI(M))/CC_5

TEMP=ERI/R2(M)-ER2*ALCG(R2{M))-ER3_R2(M)-ER4_R2(P)_¢2-ER5_E2(M)_?
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.I-ERA*R2( M)**6÷CONI_ T T2(M) ÷K2
IF (TEMP.GEoO,) GO TO 190

WRITE (6,_01_I

8016 FC_RMAT (//66H AXIAL VELOCITY IS NEGATIVE FOR SOME RADIAL LnCATION
IAT ROTOR EXIT |

GO TO 3500

19(_ VZ2IM)=SORTI TEMP|

C *'_* END SECTION IX

C • _* START SECTIF)N X

C

C

C

C

C

C

• _ CALCULATE AT ROTOR FXIT FOR ALL STREAMLINES °..

• _ TOTAL PRESSURE, TCTAL DENSITY, ARSCLUTE VELOCITY, STATIC

=** DENSITY, ABSOLUTE FtOW ANGLE, RELATIVE FLOW ANGLE, RELATIVE

• _* VELOCITY, ROTOR D-FACTOR, STATIC TEMPERATURE, STATIC

• *_ PRFSSURE, SONIC VELOCITY, ABSOLUTE MACH KUMBER, OMEGA BAR,

• *_ LOSS _UNCTION, RFLATIVE MACH kUMBER, AhF) AXIAL MACH f_UMBER

DO 210 M-I,N

TEMP=TT2( M )ITTI {M }

IF (TEMP.GE.O.) GO TO _Olg

WRITE (_,8018)

BOIR FrIRMAT (/f57H THE ABSF}LUTF TOTAL TEMPERATURE AT ROTOR EXIT IS NEGA

1TIVE )

GO TO 3500

,B019 PT2( M )=PT1 ( M |* TEMP_,W_ ( NPR ( I ) iwCON6)

RHOT2(M|= PT2 (M )* 14_./(RM*TT2(M) )

V2IM)= SC)RTIVZ2(M)*_2 + VO2(MI_2)

TEMP= I°-V2{ M)*_2/(ClaN1* TT2 (M} )

IF (TEMP°GE.O°) GO TO B021

WRITF (6,2020)

2020 FORMAT 11/58H THE ABSfILUTF STATIC TEMPERATURE AT ROTOR EXIT IS NEG
IATIVE )

GO TO 3500

8021 RHOS2( M )=RHOT 21M)*TEMP**COGP.1

BETA2(M)= ATAN(VO2(M) IVZ2IM) )

BETA2P(M)=ATAN( ! U2( MJ-V02(M) }/VZ2 (M))

V2P(M)= VZ2IM )/COS( BETA2P (M) |

DR(M)= 1.-V2P(MIfVIPIM) * (IJI(M|-VOIIMI-U2(M)÷VO2(M||/(2._SRTIPII)

1 *VIPIM |_(RTIPI÷RTIP2 1/ (RI IM)+R2 (M|) )

TS21M)= TT2(MI - V2(M)_21CCN1

ATWOIM)= SORT(CON3_S2IM))

M2|M)= V2(MIIATWO(M!

TEMP=I. _CONT* l 1.-(RI (MI/R2(M) )_'2| _U2 (M| _21 (CCN3_|TTI (MI_IVIP(M|*
1,2-VI(M)**2) ICON1| |

IF (TEMP.GE.O.) GO TO eo23

WRITE (6,8022)

8022 FORMAT |//86H THE IDEAL RELATIVE TOTAL PRESSURE IN ROTOR OMEGA BAR

]. EQUATION IS NEGATIVE° BAD DATA, I
C-O TO 3500

8023 PR I (M )=TEMP**CONb

WRB(M)= PRI(M)*(I.-PT2(M)/PTI(MI/(TT2(MtlTTIIM))_*C{]NA)I(I° -

I (I.I(I.+CONT_MIP(M)_*2I)**CON6)

M2P(M)= V2P{M)/ATWD|M)

MZ2IM I" VZ2(MI/ATWO(M)

210 ZR(Mt=WRB(M)_COSIBETA2P(M)I/I2.*SRTIP(I |*(RTIPl_RTIP2)IIRI(_) ÷
I R2(M|))
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C ee, EbB SECT ICN x

C **e START SECTICN XI

C _* C_LCLLATE _SS FLCh

2;_0 h2= C.

CG 23C M=I,_Wl

RS2VZ_(_|= (NI-Cb2 (M I*VZ2 {/_ ) £_CS2 I M6 1. }*%Z2 ( r'_. 11 )/2.

ATGIM)= 3.1_15q2b*(R2(M)**Z-RZ(M_I}**2)/Lq_.

C *** EI_C SECT ICI,_ Xl

C *** KCTCR EX IT CCMPLTAT IChS ARE CCMPLETEC

C " *** PREPARb TO MAKE LIMIT CHECKS - PRICR Td SIJ_IC_ C_LLULATICNS

C *:** STARI SECTIZN Xll

EW,_= ABS( _-_ I |Iv,,;

C *** TESI FI]R MA_S FLCh @ALA_CE

C **_ IF iVASS FLC_ MAIC_ES 6C TC 25C

232 IF (EWA.LE..CCI) _5 TC 23_

C *** CFEC_ LCCP CCU_T A_C IF GREATER TFA_ CR E(,L._L TC 5C FRCL_[

C *** TC hExl ICAT_ SET

IF (IIALI.GI.gC} C-L] TC 31)CC

ITALI= IT_L I 6 l

C _** TEST TFE CUMP TRIGGER

IF (IFRl-i) 221,eCbC,eC5C

6050 CALL CUT2

231 IF (ITR-l) ,_3_,,;9_,,254

C *** E_C SECTIC_N xII

C *** SIARI SkCT|CN XXlII

C *** C_LCIJLATE NE_ EFFECTIVE AREA TG MAII._ _'ASS FLC_,

233 ANEW= A2E E IWI-_)*A_,E/W2

C *** hEW Fue RAC|LS

TEMP=RTIP_**2-ANEW/(3.I _,LSc,27*(CH2(1)6CIII_Z(1)-I.))

IF |TEMF.C-E.C.I C,C TO _025

WRITE (_,EC2_)

802(, FORMAT {//_ A_ REC, LIREC TC _ATCF_ MASS FLC_ WIT_ _IVEX T{P _,_l_I

IbS RECbIRES NEGATIVE _U_ RAI_ILS AT RCTCR txlr )

GC T1] 3flOe

8029 R_NEW=SCRI|TEMP)

C *** C_LCLLATE RCIUR _L_ RAMF ANGLE
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C

C

C

25¢

C

C

C

C

C

C

C

C

23_

253

272

235

ALPP_= AT_kIIRPhE_-RhIIIBR)
GC TO 16C

*** E&C SECIlON XXIll

e_* SIART SECTICN XXV

e** CJLC_LATE NEW EFFECII_E AREA

*#* CALCLLATE NE_ TIP _CILS

RTNEh=S_RT(P_2_2_ANEWII3.141_27*{DH2(II_DIIP2(I|-I.)))

_* C_LCLLAIE _E_ TIP R_PF _hGLE

ALPRI=AI_hI(RT_Eh-RT|PI)/ER)
GC lC 130

*_* EkC SECIICN XXV

_** C_LCLLAIE NEW GECMEIR|C AREA

AkEW=A2GE(WI-W_I*_2G/W2

tl, C_LCUL_TE NE_ AXIAL LEhGTP

T_AA_L= SIk{_FLI|))/CCSIARPLiI|I
IF ( _8S{_RIL{Iil .NE. ABSI_RPL(I)) } GC TO 253

*_* SI_RT SECTICN X_VII

ER=(RIIFI_2-HPI*_2-AKEW/3.1415S26)I(2.*T_AR_L,(RIIFI&R_[I)
GO IG 2_2

*** EkD SECIICN XXVIl

,_ SIARI SECTICN XXV|

1AARIL-- S]I_(_RIL( || }/CC_(_RTL(I) }

AE= 1AARIL_'_2 - T_ARhL**2

I_E" {RT|P]_'I_AI_TL - RI-I_TAARML)/AE

CE=/RT IP I_*2-R P I*_2-ANE_I 3. I_ I512e )/AE

ER=-EE 6 SCRT(EE**2- CEI

#_* C,_LCLL_IE heir, A_PEC1 RAIIC

,_RR(II=IRIIFI- RFI)IER

GC TC 130

*** EI_C SECI ICN xXVI

_** START SELTICN x_IV

IF (ITR-I) 236,237,25C
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C =$* IF NEW RAMP ANGLE EXCEEDS ITS LIMIT SET IT TO THE LIMIT

236 IF (ALPRH.GT,ARHL|I)) GO TO 2332

GO TO 250

2332 ALPRH= ARHLI[)
ITR=I

WRITE (6,2333l

2333 FORMAT (tHO3OX63H*** ROTnR HUB RAMP ANGLF LIMIT VTOL&TFD *** / I
GO TO 160

C $iW. IF NEW RAMP ANGLE EXCEEDS ITS LIMIT SET IT TO THE LIMIT

237 [F IALPRT.GE.ARTLII)) GO TO 255
ALPR T=ARTL ! I )

ITR=2

WRITE (6,23351

2335 FORMAT {IHO3OX_3H$*$ ROTOR TIP RAMP ANGLE LIMIT VICLATED $*$ / )

GO TO 130

C $** ENSURE THAT THE TIP RAMP ANGLE IS NOT POSITIVE

255 IF IALPRT.LE.O.) GO Tn 250

WRITE (E,256)

256 FORMAT (// _5H ROTOR TIP RAMP ANGLE IS POSITIVE.

GO Tn 3_00

BAD DATA I

*** END SECTION XXlV

250 CALL MIDDLE

IGC=IGO

GO Tq (360,140,300C,301C,3020,_SOOI,IGO
36U ITAL?=O

ITS=O

sww, CHECK HUB D-FACTOR AGAINST ITS LIMIT

_'_'* RECALCULATE I/R CrlEFFIC[ENT T{_ MEET D-FACTOR TEST

IF I IOPT.EQ.OI GO TO 420

OF3=nS(N I-DSH( I )

IF (OF3) 2_,5,5OO,391L

C *$* START SECTION _(x ICONTINUED AT ST. _.21)

¢20 IF IDS(NI.LE.OSHIItl GO TO 500

Grl TO 42.1
285 IF (ITAL_.EQ.O) GO TO 5CO

IF (ABSICF}tDSFIII).LE,.CCt) GO TO 392

DFL3=DF3

eL _=R2( [ )
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C

C

C

C

C

C

3E7

3Pg

421'

2355

425

80"_8

A03_

110=I

B2l II-RH3-DFH3_IBH?-BL3IIIDFH3-OFL3)

I TOL _--I TaL q4t

$=$ CHECK LOOP COLNT

IF (ITALR.GE.50)

AL PP H=G. O

AL PR T=U ,O

_IIR( I I=ARR I

ALPSH=O.

ALPST=C.

GO TO 3030

ARS( I)=ARSI

GO TO 36B

IF [ [TALB.EQ.O) GO IO 3(_0

IF (ABSIDF)IDS_-( 111 .LE..OOI)

DFI_3=OF 3

BH3=B2| I I

IF (IID.GI'.O! GO TO 3@?

A2( [ I=CH_$R2{ I!

GO TO 3_g

DFI-3=r)F3

RH3=R2( I )

Gn TO 392

st, SECTION XX (CONTINUED)

WRITF {6,23_5)

FORMAT (IHO3_X42H==t STATOR HU_ D FACTOR LIMIT VIOLATED *st I !

• $$ CHECK LOOP COUNT

IF (ITALB.GE.50! GO TN 3030
|TATS= ITALB + 1

=** IF THE 5TATOR HUB D FACTOR LIMIT IS I.. THE ABSOLUTE

•** VELOCITY AT THE STATOR EXIT MAY BE CALCULATED DIRECTLY.

• _ THE EQUATIONS USED OTHERWISE wAY INTRODUCE EXTRANEOUS ROOTS

•*_ WHICH '_ILL _E DFALT WITH BY THE PROGRAM.

IF (O._-(I).NE.|.I GO TN 425

VcIZINI=2.*SSH(II=V3INI+VC3INI

Gfl TO _,_0

AF= l-V31N)-VO31N) / I2.*SSHI I )) ) I (DSHI I )-I.)

BF- I./( IriSH( I )-I. )_2.=SSH( I I I

CF= -AF*BF/(I.-BF_F_

DF= (V_2(N|_2-AF*^F) i(I.-BF_BF!

TEMP =CF$CF-DF

IF (TEMP.GE..].) GO TIl E0_5

WRITE I6,,q{l_=jl
FORMAT [II qSH IN CFIPQECTING

IUARE _[}FIX rIF NEGATIVE NUWRER

GO Tr} 3500

FOR EXCESSIVE STATOR HUB D-FACTOR. SO
WAS ENCOUNTERED )

*** CALCULATE ROTN ROOTS

Vn2( N } =-CF eSQRT| TEMP)

VN2SV=-CF- SOR T( TEMPI

IF (Vn_(NI.GE.O.I GO TO _73
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C

C

•., THE FIRST ROOT IS NEGATIVE,

IF IVO2SV,GE,O,! Grl TC)437

•** BOTH ROC)TS WERE NEGATIVE

I;SE THE SECOND ROOT IF PCSITIVE

C *** END SECTION XX

ALPRH=O,
ALPRT=O,

ALPSH=O •

ALPST=O,

B-11

USE THE SMALLER

WRITE (6,F1040 |

_I040 FORMAT (// 62H NO POSITIVE ROgTS FOUND FCR STATOR ABSOLUTE VELOCIT

IY EQUATICN I
GO Tn 35C0

C *** THE FIRST ROOT IS PrJSITIV_.. IF THE SECCNO ROOT IS NEGATIVE

C *** USE TME FIRST

433 [I: (VF]2SV,LI.O.I GO TO 440

C *** BOTH ROOTS WERE oOSITIVE. OETEI_MINE WHICH SATISFIES THE

C *** D FACTOR EQUATICN

SROOT =SQR T {VO 2(N)** 2_-VZ2 (N) **2 |

TR YI= L,-V3 {N I/ SROOT- lVCI3(N!-V02 (N| )/(2. *SSH (I!*SRCIOT I

SROOT=SQPT{VO2SV)*2*VZ2INi**2|
TRY2=I,-V3(N)/SRGOT-IVO3II_}-VO2SV )/(2,*SSHII)*SROOT)

IF (ABS(TRYI-DSH{I)IIDSH(I),GI,,OII GO TO t+)4

C *** THE FIRST ROOT SATISFIEO THE O FACTOR EQUATION, IF THE

C )**SECONO DOES NOT, USE THE FIRST

IF (ABS(TRY2-OSH(IIIIDSH{II,GT,,01) GO TO 440

C *** BOTH ROOFS SATISFIED THE O FACTOR EQUATION,

IF (vr_2(N)-VO2SV) 44C,44C.,437

C *** THE FIRST ROOT DID NOI SATISFY THE 0 FACTOR EQUATION.

C *** IF THE SECOND DOES, USE IT

43_. IF (ABS(TRY2-DSHII)I/DSH(IÁ,LE..OI| GO TO 437

C *** NEITHER ROOT SATISFIED THE O FACTI3R EQUATION

WRITE (_,4_51
435 FORMAT (l/ 6gH NEITHER PO,S[TIVE ROCT WOULD SATISFY THE STATOR HUB

1G FACTOR EQUATION I

GO TO 3500

C ,_w, USE THE SECOND ROOT

437 VO2(N)=VO2SV
440 B2{ I)=R2(NI*VO2|N)-C2|[ I*RZINI-DZII|*R2(N)**2-E2(II*R2(NI**3



ARS! I )--ARS !
ARR(I |=ARRI

IF |I('IPT,EO,,O) GO TO 368
CH3= oqS

IF (RI-3=GT.B2| I } | GC TO 368
CH3= 1,05

*_* TEST THE DUMP TRIGGER

368 IF (IPRI-I) 140,6150,6150
61_0 CALL OUT_

GO TN 140

392 DS(N)=DSI_( I I

C *** START SECTION XXl (CONTINUED IN OUTPUT S.R.I

5C0 CALL OUTPUT

I IB=O

IF(IRC,q-RCLI_I.LT.O.) GO TO 501

WRITE IE,502}

_02 FORMAT (IH,]24XTIH*_ OVERALL PRESSURE RATIO LIMIT HAS BEEN REACHED
1 -- GO TO NEW DATA *_* I/ I

GO Tq lO

501 IF ((I-NSLIMI.LT.O) GO TO 540

WRITE (6,5041

504 FORMAT |IHO20XBIH*** NUMBER CF STAGES FOR THIS DATA SET HAS BEEN R
IEAC_ED -- GO TO NEW DATA SET *_ II)

GO TO 10

C *** END SECTION XXi

=** START SECTION XXll

*_* PUT STATOR EXIT PARAMETERS INTO ROTOR INLET FOR NEXT STAGE

540 CO 550 m=I.N

UII M I=UTI _ 1 [*R3(M) IRTIP11

VOl(m)= VO3IMI

VI(MI= V3{M)

BETAIIM)= BETA3(M)

RETalP(t4)= ATAN( (U] (Ml-VOl( MI IIVZ3 (tWl)

VIP(M)= VZ3(M) ICOS(BETAIP (M) |

VZI(MI- VZ3(M)

RI(M)= R3(W|

AONE(M) = SORT( CON3_TT3( M}-VI (M| _Z/CONI )

MIP( M J=VID(M|/ANNE(W)

TTIIM)= TT3(M)

MI|M)= VI|M)/AONE|M)

MZI(M|= VZI(M)/AONE (M|

55C, PTI(M|= PT3(M|
RTIPI= RTID3

RHI= RH3
VZTIPI= VZTIP3

UTIP]= Ut(t)

WRITE (E,23EO)

2360 FORMAT (1H1 l

1000 CDNTINUE
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C _** PROGRAM COMPLETED CURRENT STAGE - OFF It1 ANOTHER STAGE

GO TO I0

_,=,_ END SECTION XXII

3000 WRITE (6,3C01)

3OO1 FORMAT (IHOSXIOSH'='_' ERROR MESSAGE ,_w_, ITERATION COUNT FXCEEOED 50

I. ON FLOW LOSS GREATER THAN .OO1 TEST,GO TO NEXT DATA SET III )

GO Tn 3900

3010 IF (IOPT.EO.I) GO TC ]600

WRIT_ (6,3011)

3011 FORMAT (IHO 5X _2H=ww= ERROR MESSAGE _'== ITERATION COUNT EXCEEDED 5

10 F)N MACH NO, LIMIT TEST, GO TO NEw DATA SET III !

GO TO 3500

3020 IF (IOPT.EO.I) GO T{] 3600

WRITE (E,3021!

3021 FORMAT (|.HO 5X _3H'¢'_* ERROR MESSAGE ,_=s ITERATICN COUNT EXCEEDED 5

tO ON AIR ANGLE LIMIT TEST, GO TC NEW DATA SET III )

GO rn 3500

3030 IF (IOPT.EO,II GO TO 3f}CO

WRITE (6,3031)

3031 FORMAT {tHO 5XIOOH=W'* ERROR MESSAGE w_=, ITERATION CCUNT EXCEEDED 5

10 ON DIFFUSION FACTqR LIMIT TEST, G_ TO NEW DATA SET /// )

3500 IERROR=I

CALL OUTPUT

Gn TO I0

3bOC FACTOR=.g99

ARR( I )=ARR I

ARS(II=ARSI

B2( I )=B2SAVE

WRITE (_,35011 I

3601 FORMAT (III].X36(IH,_I,3XSHSTAGEIOt33H IS NOT THE OPTIMUM CONF[GURAT

lION 3X3E(1H=I III )

IOPT=O

GO TO 122

END

B-13



$IRFTC
C

INITL DD,NOLI ST
*** INITL SUBROUT [NE

SUBROUTINE INITL

REAL MW, NPR,NPS,MSH,K1, MIP, K2, M2, K3

REAL M | ,MZ I ,M2P, _"Z2,M3, MZ3

DIMENSION MI( II |,_ZI | II) ,M2P111), MZ2(II) ,M3{111 ,Ml3 Ill),A3(ll I

CIMENSION VT2OTI( 50),NPR(50),SRTIPISUI,ARR(50},DTIPZ(SOI,DH2(501,

IARHL (50 ) ,ARTL (50) ,DRT(50) ,B2 (501 ,C2 (50) ,D2(50) ,E2 (50) ,VT3OT2 (5_) I,

2NPS(SO),SSH(50),ARSISO),DTI P3(50) _DH3(50|,ASHL(SO),ASTLI50I,

3DSH(50) ,MSH(50) ,BPSHISO) ,B3I 50l ,C3(50) ,D3(50I ,E3(50l

DI_ENSION VZI( 11 ) ,UL( II ) ,VOI 111 ),RHOSI (11) ,BETA1( 11), BETAIPI IT),

IVlP( II ), MLP( II I ,TIT ( Ill, PTI (ILI ,R SIVZI (If) ,ADNE Ill ),R2(II ),U2( llI,

2V021 11I, TT2( I! I,VZ2I 11) ,PT;) (II ) ,RHOT2(I I I ,VZ(It) ,RHOS2( lJ.i,

3BETA2(II), BETA2P{ IT) ,V2P( II ),DR {11) , TS2 (11) , ATWO(III ,M2( 111,

4PRI!I]I,WRF_(IIt,ZR(II),RS2VZ2{II),ATOIII!,TT3(III,R3(IZI,VO3(tL),

5PT3{ 1 I) ,RHOT3 (III ,V3111) ,RHOS3[ It), BETA3( 11 I,DS (II ) ,WSB(II l,
6ZS( 11 i.R S3VZ3( llJ ,ATHRE (I! !,WW3III)

DIMENSION RI(ll) ,Vl (I1)tVZ3(II l

DIMENSION ARHD{50|,ARTD(SO|,ASHD(50),ASTD(50),._ETID(III,BETIPDIII)

I, BET2D(ll ).BE T2PDI IT) ,BET30(II ! ,BPSD(50),TI TL(121

I]IMENS lqN _-O( 50! ,ARn ( 50 )_ASC{ 50 J

COMMON /SIN! TL/CONStCP,DHI, DTI PIt ERI,ER2, ER3, ER4v ER5, ER6, ER?,GAM,

IMW,RCL IM,RHORTI,RTI Pl I, TEMP ,UTIPl I, VZTI Pl

COMMON /CHECII FLAG_ NSLI IV

COMMON /COM2/PT I, TT I ,CONI,CCN2, CON3,CON_,,OOGMI, BI, CI _D! ,El

COMMON /COM3/IGO,ITS,ITR,IDPT,IIB,IID,IIM,FACTOR, ANMI,CONA,CDNT,
ICONB, ITAL7

COMMON I. [NC, IPR2, Nt VT2CITI, NPR, SRTI P,/_RRI ,DT IP2,DH2, ARHD, ARTD,DRT,

IB2SAVE,C2,D2,E2,VT3t]T2,NPS, SSH,ARSI,DTIP3,DH3,ASHD_ASTD,DSMyMSH,

2BP SO, B3,C 3,D3,E 3, WI,RCC, TRO, F TAO, RC ,TR, ETA, RTI Pl ,ARR, ARS, RHI, RT IP2

-_,RH2, RT IP 3,RH3, BR,B S, P,@ETI F_,F_ETAI , BE TI OD,BETALP, RI,UI,VZ I,VOI, V1,

4VIP, _IP, MI, _ZI ,BET2D, BE TA2, BE T2PD, BETA2P, R2 ,UZ, VZ2,V02, V2,V2P,DR,

5M2P, M2, MZ2, RET3D,BETA3,R3,VZ_,VO3,V3,DS ,M3, WRB, ZR,WSB, ZS, MZ3, ALPSI
6, ALP_H, IERRCIR

C(3MMON IPRI,KI,UTIPI,RM,RHCIII,AGNE,RSIVZI,NM1,RHOSI,TTI,PTI,W2t

1EWA, VZT IP2, A2G,A2E, K2_ ITALl ,ALPRH, RHNEW, ANEW t TAARTL, T AARHL • AE, BEy

2CE, ALPRT,RTNEW, B2,TT2,RT2 tRHrJr2 ,RHCS2 ,TS2,ATWC, BRI, ATO, RS2VZ2

3, UT IP2, VOT IP2,Q,R _St T, I TAL2,AA, BB,CC,DD, ITAL3, BPSHt W3, A3G, A3EtPT3,

4VZ TIP3, K3,PRW3,PROW_v TRW3_TROW3,TT3 _RHOS3,TAASHL, TAASTL, ASHL __STL,
5A3, A THRE,R S3VZ 2, WW3, ITAL B,AF __F _CF _DF

6, VZTIPD, ARHL, AR TL,RHOT3, TI Tt,BP, ARC,AGO

*** WRITE OUT INPUT DATA

WPITE (_,2GO0)

2000 FORMATIIHO2C)XBOH***--*** PARAMETRIC STUDY OF ADVANCED MULTISTAGE

IXIAL-FLOW COMPRESSORS ***--*** /i//35XSOH**Ww R (3 T l!.R I N L E

2T I N P U T D A T A _'_,* // )

WRITE (_,20LO} N,NSLIV.,CP,MW,GAM,TII,PTI,RCLIM,RTIPI. I,UTIPlI,
I RHORTI, VZT IP I,DTIP I,DH1,BI,CL,DI,EI

201.0 FORMAT I/3XBHNO. RAD, BXAHNUMBERBXBHSP. HEAT8XBHMOL. WT,_XqHRATIO 0

1F4X/,5HIN. TOT. TEMP. IN. TCT. PR. MASS AVG. TOT.13XBHSTATIONSBX

2bHSTAGES6X12H(BTU/(LB-R) )AKTHIMOLES)TXBHSP. HEAT?XBH(DEG. RIgXSH(P

3SI)8XgHPR. RATIO //I8,115,FIT,4,FI6.4,FI4.4,FIA._,FIS.4,FI4.4/// I

_.TX4OHTIP RADIUS TIP WHEEL SPEED HUB TO TIP5XIOHAXIAL VEL.4X2THT

51P BLOCKAGE HUB BLOCKAGEIIBXBH(INCHES)TX@H(FT/SECISXI2HRADIUS RA

6TIOSXBH(FTISECI8X6HFACTORgX6HFACTOR // F26.4,FI6.4,F13.4, F16.4_F14

7.4, F15._ /II 38X44HCOEFFICIENTS IN TANGENTIAL VELOCITY EQUATION II
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C

C

C

C

C

£

C

837XlHEI4XI_CI4_Ih£14XlHE // 27X4FIS,4 /// l_ll8(lh*! // )
IF {N.LE.II) GC ]'[ 28

WRITE {6,27)
27 F_RMAT (11561- PAVE CUNSIDEREI] MCRE ThAh IG FLCh ChAI_NELS.

I,_TA )
EE TC IC

28 IF (hSLIP.LE._C) EG TC 30
WRITE | 6,2cj I

29 FGRIVAT (// 4c_1" hA_E CGNSICERIL; MC,I_E l hAl_ 50 ST_CES.
GG TC IC

CHECK C

CHECK CATA )

*** SIART SECIICN II

¢** SET TiP E_UAL lO I_IIIAL lIP RACILS

30 RTIPI= _TlPll

¢¢* CALCULATE GAS CCNSTAhT

RM= 1._,4_.. 4/MW
Ah= N
hlml = h-I
AhPI=hMI
CC 33 l=l,hELIt e

*** CFAhCE CEGREES TG RAC|A_,S

ARHL(II=ABFC(1)*.ClT_E33

BPSHII)=SPSC(II*.CI?4533

ARTLI|)=ARTC(1)_.Ci74E33

ASHL{I)=_SFCII)_.CI74_33

33 ASILII)=ASTC(I)*.CL14tJ3

*¢* CALCGLAIE TCTAL CEhSITY

RFCTI=PTI_I&4.1IR_*ITI)

eel, CALCULATE R_CIUS CF hL_ STREAMLIhE

RFI= RTIPI*RFCRTI

*** C_LCLLAIE RAUIUS OF FL8 A_C TIP SIRE_PL[kES

WRITE (E,_33C)

2330 FCRMAT (Ikl)
IF (CTIFI.ET.C.| Gg 1C 8CCI

WRIIE (e,SOCC)
8000 FCRMAT (ll_h TIP dLGCgAGE FACTCR NCT PCSITI_E AT [_LEr. dAC CAT_)

GG TG IC
8001 RI(II=SCRTICTIPI*_TIPI*_2{(I.-CIIPI) _FI_2)

IF (C_I.GI.C.) GG TO 80C3

WRITE (_,8C_2)
8002 FCRMAT (I152b bud BLOCKAGE FACTCR NET PCSITI_E AT I_LE[

GC TC IC
8003 RI(_I=S_RTiEhI_RHI*_2&(I--DFI) *RIIPI_2)

_A_ CATA)

e*¢ CALCLLAIE CCEFFICIEhIS IN ThE AXIAL VELCC|I? EC_AFICk
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C

C

C

C

ERI= 2.*B1,CI
ER2- 4.*BI*DI÷2.*CI*C 1
ER3= 6.*BI*EI *6.*Cle01

ER_= 4.*CIeEIeZ.*DI*Ol

ERS=10.*Dl*EII3.
ER6=I. St, El*El

*_* SET WFEEL TIP SPEED

UT IPI=UTIPII

_,,t, CALCULATE CONSTANT OF INTEGRATION

KI= VZTIPI=*2-ERI/' RII1)eER2*ALOG(RIlII)_ER3_,RI!II÷ERA_,RI(1),_t,2 _
1 ERS*RI(II**3 ÷ ER6*RI|I)**4

*** SET AXIAL VELOCITY AT THE TIP = TO INITIAL AXIAL VELOCITY

40 VZI(1)= VZTIPl

*** END SECTION IT

*,_* START SECTION I IT

50 ER7= (RI{I)-RI(N))IANMI

DO 60 M=2,N

**_ CALCULATE STREAMLINE RADII

RI(M)= RI{_-ll - ER7

*e* CALCULATE AXIAL VELOCITY AT FACH RADIUS

TEMP ={ERI/RI(M|-ER2*ALOG(RIIM)I-ERBA.RIIM| - ERA*RI(M)**2 -
1 ERS*RI(MI**3 - ER6'_RI(MI*q,4 ÷ Kll
IF ITEMP.GE.O.) GO TO 80C5
WRITE (6,80041

8004 FORMAT (//61H AXIAL VELOCITY IS NEGATIVE FOR SCME RADIAL LOCATION
1AT INLET )

GO TO 10
8005 VZ 1 ( M | =TEMP'I,,I,, 5

60 CONTINUE

*** END SECTION Ill

*** CALCULATF CONSTANTS

OOGMI= I. #'(GAM-I. )

CON1= 50056.*CP
CON2= CONI*TTI

CON3= .-.2. I7¢'_GAM*RM

CON4= UTIPlI/RTIPll
CONS= .S=CONI
CONA= GAM#' (GAM- I. |

CON7= (GAJA-1. )12.
CON8= IGAM-I. )#'GAM
RETURN

10 IFLAG=I
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RETURN
ENO

B-17



$IBFTC
C

MIDOLE D_,NOLIST
*** mIDDLE 5UBROL;TINE

SUBROUTINE MIDDLE

REAL MW,N_R,NPS,MSH,KI,M

REAL MI,PZI,M2D,_7?,_,_

_IMEESION MI_II},MZI()I)

DIMENSION _T20TI(SG),NPR

IP,K2,M2,K3

Z3

,M_P(III,MZ2(I1},M3(II|,MZ3(II$,A3(11)

(SGI,SRTIP[5OJ,ARR|50),DTIP2(5OI,OHZ[SUI,

IARHL{SOI,_RTLISOI,DRT(5(J),B2{50),C2(50I ,O2[50),E2JSU|,VT3OT2(SU],

2NPS(5C), SSH( 50 I, _.R _ (_0),DTI P3 (50 ),OH3 [50) ,ASHL (50 ], ASTL[ 50) ,

3DSP(5_) ,MSH( 5G|,BPSfl {5C) ,R 3{ 50| ,C3 {5{.!| ,D3 (50} ,E3{50]

DIMENSION VZI(IL!,Ui|]II,VC|(IX|,RHCSI(II),BETAI(Ii),BETAIP(II),

IVIP! II |,MIP[ I( I, T[I { I] } ,PTI III) ,R SIVZI {IT I,ACNE (If I ,R2[ 11J ,U2(II D,

2VOW! II},TT2(III,VZ21 II_,PT2[II] ,RHOT2{III,V2(].I),RHOS2!II$,

3BETA2{III,BETA2P(II ],V2P(]I J,r)R(IlI,TS2[II),ATW_}{IIt,M2{|II,

S2V_ 2 (] 1 l ,ATO( I I ) ,TT3 (I I I ,P,3( II I ,VO3| II I,

,RHCS3( II ) , BETA3 (II) ,DS (!I) ,WSB! II I,
lll,WW3{ll)

V/3(I!)

50 ) ,ASHD (50 ) ,AS TD (501 ,RETID( I I ) ,BETIPD{ II I

T3D(II) ,_PSD[Su),TITL(12)

,ASC(50)

I ,CCN2, CCN3, CON4, COG"I, al, C1, Ol ,El

,ICPT,I [B,I ID,I I P,F ACTOR, ANMI ,CON6, CON?,

4PRIIII),WRR(I!),ZP( ]I),R

5PT3( ]II ,RHOT_ (II} ,V3[ II )

6ZS(]I I,RS3VZ3(II) ,ATP_E (

DIMENSInN RI{II|,V] (11),

DIMENSIflN ARHD{ 50),ARTD(

I,BET2D(ll ),BET2PD( II } ,BE

_IMENSION B_(5C),ARO(_)

COMMON /CHEC/IFLAG, _SLIM

COMMON /C?)_2/PT I, TT I,Cf]k

COMMON /COM_/IGO,ITS, ITR

ICCN8, ITAL "7

COMMON I, [NC, IPR2,N,VT2OTI,NPR, SRT[P,ARRI,DTIP2,DH2,ARHD,ARTD,DRT,

IP2SAVE, C2, D2,E 2, VT3CT2 ,N_S, SSH, AR SI ,D TI P3tOH3 ,ASHD, ASTD,DSH, MSH,

2BPS 0, B3 ,C_ ,03 ,E3, Wl ,RC_, TRq ,ETA0, RC , TR, ETA, RT IPl ,ARR, ARS _RHI, RT IP2

3, RH2, RTIP 3,RH3, BR ,R S, _, BE Tl D,,_E TAI ,BETI PO, BETAI P_ RI ,UI, VZI, VOI, V I,

4VIP, MIP ,_!I ,MZ I, BE T2D, BE TA2, BE T2 PD, BETA2P, R2, U2, VZ2,VO2,V2,V2P, DR,

5M_P, M2, MZ_, BET3D,BE TA3, R3 ,VZ3 ,VO3 ,V3 ,DS ,_3, WRY, ZR, WSB, ZS ,MZ3, ALPST

6, ALPSH, IFRROR

COMMON IPR I,KI, UTI P I ,R_,RH(]TI , AONE,RSI VZI ,NPl ,RH(]SI, TTI,PTI _W2_

|EWA,VZTIP2,A2G,A2F.,K2,1TALI,ALPRH,RHNEW,ANEW,TAARTL_TAARHL,AE,BE,

2CE, AL PRT, RTNE W, B2, T T2, PT2, RH(]T2 ,QH(7 $2, TS2, ATWO,PR I ,ATC, RS2VZ2

3,UT IP2, V(]T IP2,g,R ,S, T, ITAL 2 ,AA,BB,CC,DD, I TAL3,BPSH,W3, ABG, A3E,PT3,

4V_ TIP 3, K3, PRW3, PRC)W 3, TP.W3, TROW3,TT3 ,RHOS3, TAASHL,TAASTL,ASHL, ASTL,

5A3, ATHRE,_53VZ3,WWB,ITAtS,AF,BF,CF,DF

6, VZT IPO, ARHL,ARTL,RHOT3, TI TL_BO,ARC,ASO

250 ITALI = 0

I=I

N-N

NMI=NMI

IGO=I

ITR-O

'_** ALTER THE COEFFICIENT OF I/R IN THE TANGENTIAL VELOCITY

*** POLYNOMIAL TO SATISFY MACH NUMBER lIMIT

IF (IOPT.EQ.O} GO T_

OF l=m2{ N I-M SH ( I )

IF (DFI) 283, 260,251

4G(_

*** START SECTION XllI (CONTINUED AT ST. _O1)

IF (M2{N).LE.MSH{I)) G_

GO TO 401

IF (ITAL2.EQ.O) GO TO 260

TO 260
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257
25g

IF (ABS(r)FI/MSH(1)}.LE..OOI) GO TC 252

DFLI=OFI

BL 1=B2([)

[ IM-]L

B2( I)=8HI-OFHI*(BH!-RLI| /(OFHI-OFLI)

ITAL2=ITAL2÷I

C *** CHECK LOOP CCLNT

251

IF (ITAL2.GE.50} GO T[I 3010

ALPRH=O.O

ALPRT=O.O

JRR( I |=ARR[

GFI Tfl 258

IF (ITAL2.EQ.O| GO TC) 28(]

IF (ABS(DFIIMSH(I)).LF..0OI)

OFF |:OF I

BHI=B2( I )

IF(IIM.GT.O) GO TO 257

B2(1)=CHI_'_2( I!

GO TO 259

CFI-I=DFI

EHI=B2( I )

GO TC 252

C *** SECTION XIII (CCNTINUEDI

401 WRITE (e,2337)

2337 FnRMAT (IHO3OX42H*_* STATOR HUB MACH NO. LIMIT VIOLATED _** I

C *** CHECK LOOP COLNT

IF ([TAL2.GE.50I GO TO 3010

ITAL2= ITAL2 * I

AA"MSH(I )**_'CON3_FACTOR

88: AA/CONI
CC= -BB*U2(N)

DO: IVZ2IN Ira*

TFMP=CC**2-DD

IF |TEMP.GE.O.) GO TO _C27

WRITE (6,8026}

/(I._BB|

2*(I._OEI-AA*TTIIN)_2.*BO*UI(N}*VOI(N)|/(I._BB)

8026 FORMAT|I/IO6H IN CORRECTING FOR EXCESSIVE HUB MACH NUMBER AT

I EXIT, SQUARE ROOT OF NEGATIVE NUMBER WAS ENCCUNTERED )

Gn TO 3500

9027 VO2(N) =-CC*SQRT (TEMP)

82( I):n2IN|*VO2|NI-C2(II*RZINI-D2(I|_'R2 (N)m*2-E2( I |*R2IN)*m3

ALPRH=O°

ALPRT=O •

ARR( I |:ARRI

IF | IflPT.EQ.D) GO

CHI = 0.g5

IF (BPI.GT.B2|I |I

CH1 : 1.05

TC1 25B

GO TO 258

258
6070

*** TEST

IF (IPRl-1)

CALL OUT4

GO TO 140

THE DUMP TRIGGER

140,EC70_6C70

ROTOR

B-19



C **,_ FND SECTION XIIT

C

C

C

2E2
260

M2IN)::wSH(I I

ITAL2= 0

TIM-0

• t,, CHECK RELATIVE FLOW ANGLE,

• '_* THE COEFFICIFNT Or fIR IN

IF IIOPT.EQ.0; GO TO

DF2=RETA2P(NI-BPSH(I)

IF (OF2) 281,Zq9,284

410

IF LESS THAN THE LIMIT, ALTER

THE TANGENTIAL VELOCITY POLYNOMIAL

**_ START SECTION XIV (CONTINUED JT ST. 411)

410 IF (BETA2r)(N).GF_.BPSH(1)! GC TO 2q._

GO TO 411

28_ I_ (ITAL3.EQ.O) GO TO 299

Ip (ABSIDF2/BPSH{I}}.LE..G01) GO TC

DFL2=DF2

PL2=__2(I)
IIS=t

2F7 B2( II=BE2-DFH2*{BH2-BL2I/(DFH2-DFL2)

2A9 ITALB=ITAL3+I

282

_w.w_ CHECK LOOP COUNT

I_: (ITAL_:.GE.50; GO TO 3020

ALPRH=O.O

ALPRT=O.O

_RR ( I )=ARR I

GO TO 26_

281 IF (ITAL3.EQ.OI GO TO 290

IF (ABS(DF21BPSH(1) }.LB..COl)

DFI-2=DF2

E_H2=B2(I)

IF ( IIB.GT.O! GDIO 2E7

B2( I)=CH2_'R2{ I)

C-O TO 28g

290 DFF2=DF2

BH2=B2( I }

GO TO 2R2

*_* SECTION XIV (CONTINUED)

411 WRITE (6,234J!

2340 FORMAT (IHO39X47H*** QnTOP HUB _ELATIVE ANGLE LIMIT VIOLATEC ***I!

,,I,_,CHECK LFIOP COUNT

IF (ITAL3.GE.50! GO TO 3020

ITAL3= ITAL3 ÷ ]

B2(I):(U2(N)-VZ2(N)_SIN{BPSH(III/COSIBPSH(I|)I*R2(NI-C2!II,R2{NI-

1D2(I )_,R2fN)_,_'2-E2(I )*R2(N}*_3

ALPRH=O.

ALPRT=O.

ARR( I }=ARR ]

IF (IOPT,,EQ.O) GO TO 268
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Ch2=O.95
IF (BI-2.El._2(l)l GC TC 2d8
CI-2=I.O_

C =** TESI TFE CU_'P [RIGGER

268 IF (IFRI-I) 14Ct6C8Ct6CSC

6(]80 CALL CUT5
GC TG 14C

C *** EhC SECT ICN X lV

282 BET.a2P(N)=EPSFIi)

C *** START SECT TEN XV

C *** WE PA_E SATI.SFIEO ALL TESTS - GFF TC STATCi( C_LCL_L_flCNS

C **, BEGI_ STATOR EXIT CCMPbTATICN$

C *** RESET LCCP CGLNTERS

2_9 ITAL3=O

Iie=o

C =_= CALCLLATE BLACE AXIAL LENC-T_

300 ES=(RTIP2 - RF2)/_RS(II

C *** CJLCLLAT_- SIATOR EXIT TIP RACIL;S

RTIP3= RTIP_ _ _S_SIN(ALFC. TI/CC_C(ALPSI}

C ,m, SET TCIAL TEMFERATLRE AI II-E IIP

TT3(II= IT2(|)

C _t_ C_LCL, LATE SIATICN EXIT l-bB RACIL_

I_I-3--BI-2 6 E$_SIN(ALP_h)/CCSI_LPSI-)

C *** C_LCLLATE TiP AI_C I-L_ STREAI_LIb, E RACII

R3(I)=S_RI(CTIF3(I)*RIIP3_*2_IL.-CIIP3(I) )*RI-_2)

R3IN)=S{RT(CH3( II*RI-3'.2_( I.-CI-3( I} J*RTIP3**2)

C _*_ CALCbLATE GECMi-IIRIC ARI:A CF STATCR EXIT

A3G" 3. I41".';2E*(RIIP3**2- RP3**2I

C m** CALCLLATE EFFECTIVE AREA CF STATCR EXIT

AJE= 3.14IS'i£E*(R.;(II**2- RJ(NI*'_.I

C *_* C_LCbLATE P,ESIKED AXIAL _ELCCIIY AT ThE TIP

_ZTIP2= VZTIP_*VT3CTZI I I

ERi= 2.'B311i*C3(I)
ER2= 4.*E3( I)*£3( Ii&2.*C3(I)*,2

ER3= 6.'83( If*E3( I)&_.*C3(II*C3(I}
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ER4= 4,*C3( II*E3{II•2.*D31i)**2
ER5= lO.*D3(I I*E3(I 1/3o

ER6= 1°5"E3( I)*'2

C *** CALCULATE CONSTANT OF INTEGRATION

K3= VZTIP3**2 - ERI/R3{II • ER2*ALOGIR3(1)I • ER3*R3(ll • ER4*

1 R3III**2 • ERS*R3(II**3 + ERb*R3(II**4 - CONI*TT3{1)

C *** SET AXIAL VELOCITY AT THE TIP

302 VZ3[1)= VZTIP_

C **w_ END SECTION XV

C *** START SECTInN XVl

ER?= (R3(I)-R3(N) IlANNI

DO 310 M=2,N

C *** GET STREAMLINE RADII

R3fM)= R3(M-I )-ER7

C *** SET TOTAL TEMPERATURE AT EACH STREAMLINE

TT3(M)= TT2iM)

C *ffi* CALCULATE AXIAL VELOCITY AT EACH STREAMLINE

TENP=ERI/R3(M !-ER2*ALOG (R3( M ) )-ER3*R3 !M!-ER_*R] (MI**Z-ERS*R3(MI**3

I-ERA*R3( MI**4•CONI* TT3{ M )+K3

IF (TEMP,GE,O,I GO TO 310

WRITE (6,8032)

8032 FORMAT (//67H AXIAL VELOCITY IS NEGATIVE FOR SCME RADIAL LOCATION

IAT STATOR EXIT )

GO TO 3500
3].0 VZ3{M )=SORT( TEMPI

C *** END SECTION XVI

C *** START SECTION XVII

C *** CALCULATE WHIRL VELOCITY, ABSOLUTE VELOCITY, STATIC

C *** TEMPERATURE, STATIC PRESSURE, TOTAL PRESSURE, STATIC

C *** DENSITY,ABSt'ILUTE FLI3W ANGLE, D-FACTOR, {IMEGA BAR, SONIC

C *** VELOCITY, ABSt'tLUTE MACH NUMBER, AXIAL MACH NUMBER, AND

C *_'* LOSS FACTOR

DO 320 M=Z,N

Vll3lMl= B3(II/R3{MI • C3(I) • D3III*R3(MI+E3(II*R3IM)**2

TEMP=TT3( M ) ITT]. ( M I

IF (TEMP,GE,O,I GO TO 805]

WRITE (E,_OSO)

8050 FORMAT IlIS@H THE ABSOLUTE TOTAL TEMPERATURE AT STATOR EXIT IS NEG
1AT IVE I

GO TO 3500 /
805]. PT3( M )=PTI { M I*TEMP** (NP S( I I*CONA) .J
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RHOT3( N)--PT3(M 1.144./IRM*TT3 (M))
V3(M)= SORT(VZ3(M)**2 _- VOt(M)*_2l
TEMP-[.-V3( M)*eZ/ICONleTT3(M) )

IF (TEMP.GE.O.) G_ TO (]053

WRITE (6,_052)
8052 FORMAT (//SgH THE ABSFILUTE STATIC TF. MPERATURF. AT ST_,TOR EXIT IS NE

1GAT IVE )

GO TO 3500
(1053 RHOS 3(M )=RHO T3 (M }_TEMPe*(_OGMt

BETA3(M)= ATAN(VO3(M)/VZ3(MI)

DS(M)= I.-V?(M|/V2(M) e. (VOZ(MI-VO3(MJ)/(2,*SSH(II*V2(M)*(R2(N)*

IR3(N))/(R2(MIe.R3(MD)I

WSB(M)= (I.-PT3(M)/PT2( M )| / (I.-(I./(I.e.CONT*M2(M)**2) )**CONb)

A3(M)= SQRTICON3*(TT3IM)-V3(M)**2/CONZ| )

M3(M)- V3(M)/A31M)

MZ_IMI= VZ3IM)/A3IM)

320 ZS(M|=WSB(M|*CCSIBETA3IM) )II2.*SS H(I)*IRH;_e.RH311|R2(MI÷R3(M) ) )

C

C

*** INITIALIZE CA'LCULATIOk OF MASS FLOW AND MASS AVERAGED

*** CONDITIONS

322 W3=O.

PRW3= O.

PROW3=O.

TRW3= O.

TROW3=O.

C *** END SECTION XVll

C

C

*** START SECTION XVIII

*** CALCULATE MASS AVFRAGED QUANTITIES

8034

8035

DO 330 M=]L,NM1

RS3VZ3(M)= (RHOS3(M)*VZ3(M) e.RHOS31Me.I")*VZ3(Me.I) )12.

ATHREIM)" _.I41592_*IR3(M)**2 - R3(M_l)**2)/14_.

WW3(M)= RS3VZ3(M)*ATHRE (M)

TEMP=IPT3IM)e.I)T3(Me'I) )/(PT1 (M)_PTL(M÷ll)

IF (TEMP,,GE.O.) GO TO _J(_35
WRITE ( 6,R034l
FORMAT (//63H THE INITIAL TOTAL PRESSURE AT THE INLET IS NEGATIVE,

I BAD 0A TA )
GO TO 3500
PRW3=PRW3e.( TEMP **Cf]NA-I.o)*WW3(M)

PROW3=PROW3_I ( (PT3( M )e.PT3(M÷I t | I(2. *PTI ) )**CON_-I. )*WW:_ (M)

TRW3.,.TRW3e.( (TT3(MI÷TT3IM+I))/ITTIIMle.TT1 (M÷II)-I.I*WW3(MI

TROW3,,TROW3e.( (TT3(M)eTT3 ( Me.II ) / (2.*TTl I -1. )*ww3 (M |

C *** CALCULATE FLOW RATE (h3)

3]0 W)- W3 e. WW]IMI

C *** END SECTION XVlII

C

C

C

*** START SECTION XlX

*** CALCULATE MASS AVERAGE

*** COMPUTE MASS AVERAGFD

QUANTI TIES

TOTAL PRESSURE RATIO
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340 RE= IPRW3/k3_.I.)*_CCN(:

C *** OVER,aLL MAS_c AVEkAGED TCT_L PRESSLRE RAI[(.

RCC = ( PlaCid3 / k3 (; 1,. J m*COI_E

C 45, T-C1,6L TEMPERATURE R,AIIE

TR= TRt_3/W3 _; I.

C wI,s, C_ER._LL TCT_L TEMPE_ATbRE RATIC

TRC=TRCW3/I_ 3 I;I.

C _* EFF|CIEhCY

ETA= {RC*_CCI_E- 1° I1 ( TR- 1. I

C _,** CVER_LL EFFICIEKCY

350 ETAE= (RCF.._eCChE-J. } t ( TRC- I. )

C #=_' CCMFLTE V_S_ c FLCh R_TE PERCEI_T ERRCR

EEA= _BSlk3-k] )tk3

C _t,, PI;iEFARE TC MAKE LIMIT CI-ECKS

C *** FIRST TEST FOR MASS FLCk BALAf_CE

351 IF {EkA.LE..CCI) C.{] TC 372
IF (ITAL7.GE.5C| EO TC 30CC

ITAL7= IT_L7 _ 1

C _,=w, TEST TI-E CU_P TRIGGER

IF (IFRI-Ii 3E?,613C,613C

6130 CALL CUTE

C **¢ EhC SECT ICN XlX

353 IF (ITS-ll _7C,35_,371

C t,w_=¢SI,_RT SECT|CN XXVIII

C =¢o_ CALCLLAIE hE_ ECbIV_LE_T ARE_

370 AhEW= _3E 6 (_]-W_IeAZE/W3

C _* CALCL/AIE I_EW hLId RACILS

TEPF=I_TIP34,_.2-tKE_,I(3.I415_27_,(CF3(II_,CIIP3(I)-I.))

IF (TEMP.C-E.O.} GL TO 8037

kgllE (_:,EC3E)

8036 FGRMAT(I/ICCF A_,E_ REC, UIRED TE MATCh MASS FLCv kITF ¢;IVEK TIP RAC. I

II_S F,ECUIRES _wEC-ATIVE _bf_ RAI;IUS AT STAICR EXII. I 3.;F (¢.M_:CK STATC

2R EFFICIEhCY |hPUl) )
GC TC 3ECC
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8(]37 .qENEW=S[RI(TEi_P}

C _ CALCbLATI: NEid HLB RAPP _IsGLE

A L PSI..,= AT Ah ( (RI'-NEI_-R_2 I/B S I

GC TC 3C0

C *** EI_C SECTION XXVI|I

C +** START SECTICN XXX

C _lww C_LCLLATt N'EN EFFE_T|_E AREA

354 AhEW=_3E_ (W I-_ _ )*_3E/_3

C *** CALCLLAIE NE_ I'IP I_AGIL_ c

RTNE_=SCRT(BM3**2EAh_'W/I3-L_IS_27#(Bh3( I)6_[IP3(I }- I.} } }

C _* C_LCLLAIE NEW TIP RAMP _hC-LE

ALPST---AIAh ( (RThE_-RTIP2 }/ES)

GC IG 3CG

C e** E_C SECT ICN XXX

C ,4, CALCbLAIE NE_ GECMEIRIC AREA

371 A_EW=A3G& iW I-W 3 )*_3G/W3

C ,o:_, C_LCLLAIE _E_ AXIAL LEhC. TF

TAA_F,L=_IN(_S_L(I |)/CCSIASML( i} I

IF ( A_S(ASTL(1)) .hE, ABS{ASFL{[)} ) GC IC 356

C ,-;÷ 3i_.i oc_.iICN XXXlI

_S={RTIF2**_-RF2*e2-A_E_/3- 1415_2_)/(2._IAASHL'_(RTIF2_RH2)}

GC TC 35?

C *** EhC SECTICN XXXli

C .** SIAR1 SECTICN XXXI

350 I_A_TL=_I_(_SIL([ })/CCS(ASTL(I))

AE=TA_ SIL** _- 1AASFL_'* 2

_.E=IRI [F2W, T_A._IL-_*IAASFL}IAE

CE = (RT IP2** 2-RF2**2-AkEWI 3 • 14 l 5_2_ I/AE

ES=-eE&SCRT (_ E _*2-CE }

C ,_* C_LLLLAIE NE_ ASPECT RAIIC

357 ARS( I )=(RTIF2-RF2)/P-S

GC TC 3C0

C *** ENC SECIIGN XXXl

C *** START SECTICN X_IX
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372 IF {ITS-I} 373.374t360

C

C
,w_, IF HUB RAMP ANGLE EXCEEDS THE L|MIT_ SET THE RAMP ANGLE TO
• ** THE LIMIT

_73 IF (ALPSH.GT.ASHLII I) GO Tfl 23#4
GEl TO 360

2344 ALPSH=ASHL( [!

[TS=I

WRITE IEt?}45)

2345 FC1RMAT (1HO3OX_4HS** STATOR HUB RAVP ANGLE LIMIT VIOLATED **iw 11

GO TF) 3C0

C *** CFECK TIP RAMP ANGLE AGAINST ITS LIMIT

37_ IF (AL_ST,GE.ASTLIII) G,'3 TO _55
ALPST=ASTL( II

ITS=2

WRITE (6,23S0)

2350 FORMAT (IHO3OX4_Ht** STATOR TiP RAMP ANGLE LIMIT VIOLATED *** /I

GO TO 300

,,i,,l, ENrm SECTION XXlX

C *** ENSURE THAT THE TIP RJMP ANGLE IS N_T POSITIVE

355 IF (ALPST.LE.O.I GO T(l 360

WRITE (E,358)

358 FORMAT 1// 46H STATOR TIP RAMt} ANGLE IS PflSITIVE.

G_ Tn 3-=00

140 IGO=2

RETURN

3000 1GO=3

RETURN

3010 IGO=4

RETURN

3020 IGO=5

RETURN

3500 IGO=6

360 RETURN

END

_AD DATA, t
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$IfiFTC CFECK
SUBROUTINE CHECK

REAL MW,NPR,NPS,MSH ,KI, HIP, K2, M2, K3

REAL. MI, MZ 1.,M2P , MZ2,M3, PZ3

CIMFNSION MI(],I),MZI(11) ,M2P(XlI,MZ2(].I) ,M3(I].),MZ3K].[),A3(II)

OIMENSION VT2OTI (SO) ,NPR(50), SR TI P( 50 ), ARR (50) ,OTI P2( 50 ) ,r)H2( 5U ),

IARHL(50),_RTI.(50),DRT(SOD,B2(50|,C2[50) ,O2(50),E2(50),VT3OT2|Su),

2NPS(SOI,SSHIS0),ARS(50) ,OTIP3(50),OH3(S0),ASHL(SU),ASTL(50),
3DSH( 501,MSH(50) eBPSH(50),R3(50) ,C3(50) ,r)3(50) ,ff3(50)

DIMENSION VZ_(IX),UI(ll)tVOI(I,I),RHGSI(II),BETaI(I]),BETAIP(11),

IVIP( [ I ),TTI (11) ,PTX Ill) ,RSIVZI (11), AONE (11 ! ,R2( II ),UZ(LL !,

I),VZ2( II ! ,PT2(II) ,RHCT2 |11) ,V2(It),RHOS2{ 11),

A2P(II ),V2P(ll ),DR (ll) ,TS2 (II) ,ATWO(lll, M2(ll),

I) , ZR( 11 I,RS2VZ2(I.I ) ,ATO(I1 ) ,TT3( ll} , R3( II ) ,VO3[ II ),

( II 1,V3 (11 I ,RHCS3| II ) ,eETA3 (II) , DS (II I ,WSB( I I.) ,

II,MIP(I

2VO2( 111, TT2( L

3BETA2(II),fiEr

4PR I ( 11 I ,WRB( 1

5PT](11.) ,RHOI]

6ZS( II t,RS3VZ}(IL) ,ATHRE

DIMENSION RIIII),VI(11)

OIMENSION ARHD(SUI,ARTD

1, BET2D( 11 ),BET2PD ( 1.1 t ,B

DIMENSION BO(50),ARO[50

COMMON /CHEC/IFLAG, NSLI

COMMON I, INC, IPR2,N,VT2

| 1.1), WW3 |1.1)

,VZ3(II)

(50) ,ASHD(501 ,AS [O($O) ,BETIO|1.1} ,BET 1.PD( 11|

ET30(II) ,BPSD(50) ,TITL(12|

I ,ASO(501
M

OTI ,NPR t SRTI P, ARR I tOT [P2 tDH2, ARHD, ARTD _DRTt

IB2SAVE,C2,D2,E 2, VT3OT2,NPS, SSH, ARSI ,DT[ P3,DH3, ASHD, AS TO,DSHt MSH,

28PSD,B3,C3,D3,E3,WI,RCO,TRO,ETAO,RC,TR,ETA,RTIPI,ARR,ARS,RHI,RTIP2

3, RH2, RT IP 3,RH3, firtB S, Mt BE TI D,BE TA]. _BE T].PO, BETAI. P, R].,U].,VZ I,VO],, VI_

4VIP, M1.P,MI.,MZ].,BET2D,BETA2,BET2PD,BETA2P,R2 ,U2, VZ2,VO2, V2,V2P,I)R,

5M2P,M 2, MZ2, BET30, BE TA3,

6, ALPSH, I ERROR

COMMON IPR].,KI,UTIPI,RM

1.EWA, VZ T IP2, AZG,A2E, K2, I

2CE, ALPRT,RTNEW, B2t TT2, P

3,UT IP2, VOT I P2 tQtR iS, T, I

4VZ T IP3, K3, I}R_3, PROW 3t TR

5A3, A THR E,R S3VZ 3, WW3 _ I TA

6, VZT IPO, ARHL,ARTL,RHCIT3

IFLAG=0

DO 23 I=I,NSI'IM

IF (DTIP2( [).GT.O.I GO

WRITE I6,901.2)

R3,VZ3,VO3,V3,OS,M3,WRB,ZR,WSB,ZS,MZ3,ALPST

,RHOTI, ACNE, RSIVZI ,NMI ,RHOSI ,TTI,PT l,W2,

TALl ,ALPRH, RHNEW, ANEW, TAARTL, T AARHL, AE, BEt

T2,RHOT2,RHCS2, TS2,ATWO,PR I , ATC, RS2VZ2

TAL 2 ,AA, BB ,CC ,DO, I TAL3 ,BPSH, W3 , A3G, A3E, PT 3,

W3, TROW3 ,TT3 ,RHO $3, TAASHL, TA ASTL, ASHLt ASTL,

L 8,AF,BF,CF ,OF

,TITL,B(],ARC,ASO

TO 8G1.3

QO12 FORMAT (//57H TIP BLOCKAGE FACTCR NCT POSITIVE AT ROTOR EXIT. BAD

ICATA I

IFLAG=I

GO TO 35OO

B013 IF IDt-2(1).GT.O.I GO TO BOI5

WRITE (6,@0141

QO1.4 FORMAT (//57H HUB BLOCKAGE FACTCR NOT POSITIVE AT ROTOR EXIT. BAD

1.I::A T A )
[FLAG=I.

GO TO 3500

801.5 IF (DTIP3(II.GT.O.) GC TC 8029

WRITE (6,802.81
_028 FORMAT {IIS@H TIP BLOCKAGE FACTCR NCT POSITIVE AT STATOR EXIT. BAD

I CATA )

IFLAG=I

Gn Tn 3500

BO2g IF (DH3(1).GT.O.) GO TO 8031

WRITE ( 6, F}030 I

B030 FORMAT (//58H HUB BLOCKAGE FACTCR NCT POSITIVE AT STATOR EXIT. BAD
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| EATA I
IFLAGz1

GO TO 35")0

8031 IF (ARTD|It.LE,,O°I GO TO 23(30
APTLY| I)= -ARTD( I

WRITE (6,2301) I

__Ol FORMAT i lHOIOX52H***ERROR CN ROTOR TIP RAMP ANGLE INPUT FOR STAGE

XNO. 13,3X48HTHIS ANGLE CHANGED FROM POSITIVE TO NEGATIVE *** l/J
2300 IF IASTDII).LE.O.) GO T(I 2310

ASTD{ I)--ASTD( I )

WRITE (6,2308) I

2308 FORMAT |IHOIOXS3H***ERRCR CN STATOR TIP RAMP Af_GLE INPUT FOR STAGE

X NO. 13,3X48HTHIS ANGLE CHANGED FROP POSITIVE TO NEGATIVE *** II)

2310 IF (ARI-DfII.GE.O.) GO TO 2320

ARHD( I)--ARHD! I)

WRITE 4_,2_12) I

2312 FORMAT (IHOIOXS2H*'_,*ERROR ON ROTOR HUB RAMP ANGLE INPUT FOR STAGE

XNO. 13,3X48HIHIS ANGLE CHANGED FROM NEGATIVE TC POSITIVE *** II)
2320 IF IASHD(I),GE.O.! GO TO 23

ASI_Df I != -ASHD( I l

WRITE (6,2322} I

2322 FORMAT (IHOIOXS3H*_,*ERRC_R ON STATOR HUB RAMP ANGLE INPUT FOR STAGE

X NO. 13,3X48HTHIS ANGLE CHANGED FRCM NEGATIVE TO POSITIVE *** //)
23 CONTINUE

3500 REIURN

EN_
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C

C

C

INLET

SUBROUTINE INLET

COMMON ICHECI IFLAG, NSLIM "

C_MMON ICOM2/PTI,TTT,CON1,CON2,CCN3,CON@,OOGMI,B1,CI,DI,EI

REAL MW,NPR,NPS, MSH,KI, MIP, KZ,M2, K3

REAL Ml, MZ 1,M2P, MZ2,M3t MZ3

DIMENSION Ml(lli,MZI[II),M2PiII),MZ2{II),M3(II),MZ3(ll),A3(II)

DIMENSION VT2OTI( 50],NPR(BOI,SRTIP(SOI,ARR(50),DTIP2{SOI,DH2(501,

]ARHLISO),_RTL(501,DRT(50),B2(SOI,C2(BOI,D2(50t,EZI5DI,VT30T2(50),

2NPS( 50 ),SSH( 501 ,ARS {501 ,DT[ P3(SO | tON3 (50) ,ASHL( 50 } ,ASTL (50 ],

3DSH{ _OI,MSH(SOI,BPSH(SOI,B3{SOI,C3iSOI,D3(SO|,E3(50I
DIMENSION VZl( 11; ,Ul(ll ) ,V01(11 |,RHOSI (Ill ,BETAI{ 11 ),BETA|P{ 11),

1VIP(I1),MIP(ll),TTI {Ill,PIt {11),RSIVZI(II),AONE(II),R2{III,U2(Iil,

2V02l I (111,PT2{III,RHOT2(II),V2{II|,RHOS2(II),

3BETA2 ),V2PII1),DR(III,TS2(II| ,ATWO(ll!,M2(II),

4PR I ( 1 II ) ,R S2VZ2111 ) ,ATO( [I ) ,TT3 (1 1 | ,R3 ( 11 |,V03( 11 ),

5PT3( 1 3( 11 | ,RHCS_(11| ,BETA3 (II),OS Ill ) ,WSB(I1},

6ZS( 11 THRE (11 I ,WW3 (11l

111 !,VZ3(ll)
ARTD( 5C ) ,ASHD(50), ASTD(50) ,BETID(11 |, BETIPD(11)

1, BET2D( 11 ), BET2PO( II ) ,BET3D (II) ,BP SD(SO ) ,T| TL (12)

DIMENSION 80( 50 ),ARO(SOI,ASO( 50|

COMMqN I,INC,I_R2,N,VT2OTI,NPR,SRTIP,ARRI,DTIP2,DH2tARHD, ARTDtDRT,

IB2SAVE,C2,O2, E 2, VT3OTZ,NPS, SSH, ARS[ ,DTI P3,DH3, ASHD, ASTD,DSH,MSHt

2BPSD, 83,C3,D3,E3,W1,RC(],TRf],ETAC,RC,TR,ETA,RTIPI,ARR,ARS,RHI, RT [P2

1 I , IT2( 11 ) , VZ2
( 11 ), BETA2P | 11

IItWRB(I1),ZR(
I|,RHOT3( Ill ,V

},RS3VZ3(llI,A

DIMENSION RIIll|,VI

DIMENSION ARHO{ 50),

3, RH2, RTIP3,RH3, BR,B

4VIP, MIP,MI,MZI,BET2

5M2P,M2,

6,ALPSHt

COMMON

IEWA,VZT

MZ2, BET30, BE

IERROR

IPR I,K 1, UT IP

IP2,A2G,AZE,

2CE,ALPRT,RTNEW, B2,T

3,UT IP2, VOT [P2,Q-,R, S

&VZ TIP 9, K3, °RW3 ,PROW

5A3, ATHR E,R S3VZ 3, WW3

6, VZT I PO,ARHL, ARTL,R

_=_ CHECK ON THE

BLC)C KAGE FAC

AND THE RAMP

IFLAG=O

StM,BETIO,BETAItBETIPD,BETAIP,RI,UI,VZI,VOI,VI,

D,BETA2,BET2PD,BETA2P,R2,U2,VZ2,VO2,V2,VZP,DR,

TA3,R3,VZ3,VO3,V3,DS,_3,WRB,ZR,WSB,ES,MZ3,ALPST

I,RM,RHOTI,AONEtRSIVZL,NMI,RHOSI,TTI,PTL,WZ,

K2,ITAL1,ALPRH,RHNEW,ANEW,TAARTLtTAARHL,AE,BE,

T2,PT2,RHOT2,RHGS2,TS2,ATWC,PRI,ATO,RS2VZ2

,T,ITAL2,AA,BB,CC,DD,ITAL3,BPSHtW3,A3G,A3EtPT3,

3,TRW3,TRCW3tTT3,RHOS3,TAASHL,TAASTL,ASHL,ASTL,

,ITALB,AF,BF,CF,DF

HOT3,TITL,BO,ARC,ASO

INPUT _ARAMETERS OF THE ROTOR HUB AND TIP

TORS, THE STATOR HUB AND TIP BLOCKAGE FACTORS

ANGLES F_R ALL STAGES

• _ START SECTION IV

8006

8007

C r) 80 M=I,N

Ul(M )=CON_'R1 ( M )

VOI(M)=BIlRI(M} ÷ Cl + DI*RIfM| * EI*RI(MD**2

VI(M)= SQR T (VZ I| MI_'2+VOl( M |*=2)

TEMP=I.-VI( M)'W_'2/CON2

IF (TEMP.GE.O.) GO T{'I 80C7

WRITE (6,8006 I
FORMAT (//_5H ABSOLUTE STATIC TEMPERATURE

IVE )

IFLAG=I

GO TO tO
RHOSI (M |=RHOTI_,TEMP_,*OOGM1

_ETAI(M)= ATAN(V01{ M)/VZI(M|)

BETAIP( M |=ATAN( (UI( M l-V01 (M|) IVZI (M))

VIP(M)=VZI(M| ICOSfBETAIP(MI )

4T ROTOR INLET IS NEGAT I
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800g

8O

C

C

C

gO

I00

C

I0

TEMP=CON3_, (TTI-VI (M!**2/CONI)
IF (TEMP.GE.O.) GO TO 8COg

WRITE I6.8006)
IELAG=!

GO TO IO

MIPIMI= VIP(M)ISQRT(TEMP)

TTI(M)= TTI

MI (M I=Vl IM )/SQR T( TFMP )
MZI(MI=VZI(M)/SQRT(TEMP)
PTI(M)= PIT

_,s. END SECTION IV

•*_, START SECTION V

_,.,wCALCULATE MASS FLOW

WI= O.

DO 100 M=I.NMI

RSIV_I(MI= (RHOSI(M)*VZIiM)÷RHOSIiM÷I)_VZI(M÷I)I/2.
AONE(M)= 3.1_ISg26*(RI(MI*RI(M)-RI(M÷I)*RI[M÷I) 1/144.
WI= W1 ÷ RSIVZIIMI*ACNEIt.')

_w,_wwEND SECTION V

RETURN

END
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FORMAT (IHO IIIX2HUI15X2HVLI_XSHRHCSII2XSHBETAII2X6HBETAIPt2X3HTTI

I 14X._HPTI //)

CO 602B M=I,N

B-31



602P WRITE |6,6025)

I PTIIM!

RFTURN

FND

UI[M)tVI{MItRHOSI(_I,BETAI(M},BETAIP(M)tTTI(_)t

B-32



OUT2 L IST

SUBROUTINE OUT2

REAL MW,NPR ,NPS,MSH,KI, MIP, K2,M2, K3

REAL M I,MZ I,M2P, M_.2, M3, PZ3

DIMENSION MI|II|,MZI(II|,M2P(III,MZ2{II) ,M3(III,ME3(II),A3111)

DIMENSION VT2OTI(S0),NPRISO),SRTIP¢50),ARR(50),DTIP2(50),DHZISQ),

IARMLISOI,_RIL(50|,DRT(5OI,B2(50),C2(SG|,D2(50),E2(50),VT3OT2(50),

2NPS! 5C ),SSHI 50) ,ARS (50) ,r)TI P3(SO ),OH3 |50), ASHL (SO I, ASTL |50),

30SH(50),M,SHISU),BPSHI50),B3(5']),C3(50) ,D3(50) ,E3(_O)

DIMENSION VZI(III ,UI{ IL) ,VOl( III ,RHCSI( 111 ,8ETAI |IZ ) ,BETA|P( Ill ,

1VlP111 ),MlP( II ) ,TTI! 11 t ,PTI (11) ,RSI VZI ( iI }, AONE (II } ,R2I iII ,U2Ill ),

2VO2(11),TT2(II!,VZ2(lII,PTZ{II),RHOT2(llI,V2(II|,RHOS2|11),

3BETA2{II),BETA2P(II),V2PllI|,DR(I1},TS2(II),ATWO(II!,M2(II!,

4PRI!II),WRB(III,ZR(ll},RS2VZ2(ll),ATO(I1),TT3(III,R3(II|,VO3(II|,

5PT3(I1),RHOT3{II),V3(III,RHOS3(II),BETA3(II),OS{II),WS8|II),

6Z S{ 11 |,R S3VZ3 (II) ,A THRE (11 | ,WW3 (11)

DIMENSION Rl( I II,Vl{ 111,VZ3{ 11)

CIMENSION ARHD(50),ARTDISO),ASHDISOI,ASTF)ISO),BETID(III,BETIPD(II)

1,BET2D(11), BETZPDI 1 ] ) ,BFT3D Ill I ,BPSD(50| ,TI TL112)

_IMENSION BOI50),ARO(50),ASC(50)

COMMON I , INC, IPR2,N,VT2OT1, NRR, SRTI o, ARR[ ,DTI P2,DH2, ARHDt ARTD _DRT,

IB2SAVEt C2, DZ,E 2, VT3OT2, NPS t SSH, ARSI ,DT[ P3,DH3 ,ASHD, ASTD,DSH, MSH,

2BPSD,B3,C3,D3,E3,WI,RCO,TRO,ETAO,RC,TR,ETA,RTTPI,ARR,ARStRHI,Rr IP2

3, RH2, RT IP 3,RH3, BR ,B S, M,BE TID tBE TA1 ,BE TI PD,BETAI P, RI ,Ul ,VZI ,VOl, V I t

4VlP, MIP, MI, MZI, BET2D, BE TA2, BE T2PD, BETA2P,R2,U2,VZZt VO2,V2,V2P,DR,

5M2P, w2, MZ2, BE T3D,BE TA3,R3, VZ3, VO3 ,V3 ,DS ,M3, WRB, ZR,WS 8, ZS tMZ3t ALPST

6,ALPSH, IERROR
COMMON IPRI,KltUTIPItRMtRHOTI,ACNE,RSIVZItNMItRHOSI,TTI,PTI,W2,

]EWA, VZT [P2, A2G,A2E, K2, [ TALl ,ALPRH, QHNEW tANEW, TAARTL,TAARHL, AE, BE,

2CE, ALPRT,R TNEW, B2,T T2,PT2,RHOT2 ,RHCS2, TS2, ATWO, PR I , ATO, RS2VZ2

3,UTIP2,VOTIP2,Q,R tSt T, I TAL2,AA,BBtCC,DD tITAL3tSPSH,W3,A3G,A3EtPT3,

4VZ TIP 3t K3, PRW3, PROW 3, TRW3, TROW3, IT3 ,RHOS_, TAA SHL, TAASTL, ASHL t ASTLt

5a3, ATHR E,R S3VZ 3, WW3 ,I TAL Q ,AF ,BF,CF ,OF

6, VZT IPO,ARHL,ARTL,RHOT3 ,T| TL tBO,ARC,AS(]

GD Tn (6050,6055),IPRI

6050 WRITE (6,6051) BR,RTIP2tVZTIP2,WI,W2,EWA,BETA2P{N|,M2(N),B2(I|

6051 FORMAT (IHOBX2HBR_XSHRTIP27X6HVZTIP21OX2HWIIIX2HW211X3HEWASXqHBETA

12P(N)TXSHM2(N)8_SHR2(II //9F13.5 //|

RETURN
6055 WRITE (&,SO51l BR,RTIP2,VZTIP2,Wl,W2,EWA,BETA2PIN),M2{N|t82(1)

WRITE I6,605b) RH2,A2G,A2E,K2

_O56 FORMAT(IHOI]X3HRH217X3HA2GI7X3HA?EI7X2HK2 /I 4E20.B /II11X3HVZ2

114X2HR215X2HU215X3HVO21_X3HTT214X_HPT212X5HRHOT2 // )

6025 FORMAT(TE17.8!

CO 6057 M=I,N

6057 WRITE (6,_O25) VZ2(M),R2{M),II2(M),VO2(M) tTT21M),PT2IM|tRHOT2(MJ

WRITE {6,60S8l

6058 FORMAT (1HO/gX2HV_I4XSHRHOS212XBHBEIA212X3HV2PISX2HDR15X)HTS2 // )

DF_ _OSg M=I,N

605q WRITE (6,_O25! V2(M),RHOS2(MI,BETA2(M),V2P|M|,DR(MI,TS2(M)

WRITE (6,5C60! (ATWO(MI,MZ{PI,MZ2(MI,M2P(M),PRI(M|,WR_(M),ZR{Mi,

IM=I,N)

6060 FORMAT I IH(]?X4HATWOI3X2HM212X3HMZ212X3HWZPI2X3HPRII2X3HWRB13X2HZR

111(7EI_.7))

WRITE (6,60_I) (ATOIMI,RS2VZ2(M),M=I,NMI)

6061 FORMAT ( IHOII. X3HATOIIX6HRSZ_Z2/I|ZE17.8) )

WRITE (6,.6062) ITALI,ALPRHtRHNEW,ANEWtTAARTL,TAARHL,AE,BE,CE,ARR([
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6062
I It &LPRTtRTNEN

FDRNAT (].HO/7XSHITALlI2XSHALPRH12XSHRHNEW13X4Ht_NEW12X6HTAARTLIIX6H
1TAAI_HL //T11t6XSE|7.8 //gX2HAE15X2HeEISX2HCE13X6H/_RR(I}I1XSHALPRT
212X5HRTNE_ t16ElT.8 }

RETURN
END

B-34



$(=

$1BFTC OUTPUT

C *** OUTPUT SbBROUTINE

SUBROUTINE OUTPUT

REAL MW,NPR,NPS,MSH ,KltMIP t K2 tM2, K3

REAL MI,MZI,M2P, MZ2,M), MZ3

DIMENSION MI(II),MZI(£1),MZPilI),MZ2(II.),M3(II|,MZ3(II),A3(ll)

DIMENSION VT2OTI(50) ,NPR(BO),SRTIP(50),ARR(SO),DTIP2(50),DH2(5(J|,

1ARHL (50) ,ARTL (50) ,DRT( 501 ,B2 |50) ,C2 (50) ,02(50 1, E2 (50 I,VT3OT2( 50 1,

2NPS(50),SSH(SOI,ARS(50|,OTIP3(50),DH3(50!,ASHL(5OI,ASTL(50|,

3DSH(50),MSHI501,BPSHISOI,B3(50) ,C3[50),03(5Ol,E3(50|

DIMENSION VZI(II!,UII ItI,VOI(tII,RHOSl(lII,BETAI(II),BETAlP(£1),

IVIP(III,MIPIII),TTI(It),PTI(III ,RSIVZI(II),ACNEIIlI,R2(III,U2(II),

2VO2(III,TT2(III,VZ2(III,PT2(IlI,RHOT2I].I.I,V2(].II,RHOS2(II),

3BETA2(III,BETA2PItlI,V2PIIlI,DRI1£I,TS2(11) ,ATWO(III,M211tl,

4PR I( 111 ,WRB(I].) ,ZR I ltI,RS2VZ2(111 ,ATOll1 I ,TT3 (I.1 ) ,R3( I.I ),VO3( 11 ),

5PT3(IIt,RHOT3(II),V3(I£),RHOS](I].I ,BETA3(III,DS(III,WSBI£tl,

6ZS( II I,R S3VZ3( I].1 ,ATHRE (1.1) ,WW3 II £)

CIMENSION RII Ill,VII 11} ,VZ3II£1

DIMENSION ARHDI501,ARTDI5CI,ASHDI50),ASTD(5OI,BETI-D(II),BET].PD(£t)

I,BETZCI Ill ,BET2PD( It I ,BET3D111) ,BPSO(5OI ,IT TL (1.21

DIMENSION RO(5OI,ARO(50) ,ASCI501
COMMON I,INC,IPR2,N,VT2OTI,NPR,SRTIP,ARRI,DTIP2,DH2,ARHD, ARTD,DRT,

IB2SAVE,C2, rl2,E 2, VT3OT2,NPSt SSH, AR SI ,DT[ P3,DH), ASHO, ASTD,DSH, MSH,

2BPSD, B3,C3eD),E3,WI ,RCO,TRO,ETAO,RC,TR, ETA,RT IPI,ARR, ARS, RHI, RT IP2

3,RH2, RT IP ],RH3, BR,BS, M, BETI D,BE TAt, BETIPD,BETA].P,I_I,UI,VZI, VOI, VI,

4V1Pt MIP, MI, MZ £, BET2D, BE TA2, P.ET2 PO, BETA2 P,R2 ,U2, VZ2 ,VO2, V2 ,V2P,DR,

5MZP, M2,MZ2, BET3D, BE TA)tR3,VZ3,VO),V3,DS, M), WRB, ZR, WSB, ZS, MZ), ALRST

6, ALPSH, IERROR

COMMON IPRI.,KI,UTIPI,RM,RHOTI,AONE,RSIVZ[,NMI,RHOSI,TTI,PTI,W2,

IEWA, VZTIP2, AZG ,AZE, K2, I TALl ,ALPRHt RHNEW, ANEW, TAARTL,T AARHL, AE, BE,

2CE,ALPRT,RTNEW,B2,TT2,PT2,RHOT2,RHGS2,TS2,ATWO,PRI,ATC,RS2VZ2

3, UTIP2,VOTIP2 oQ,R,S, T, I TALZ,AA, BB,CC,DO t ITAL3,RPSH,W3, A3G, A3EtPT3,

4VZTIP),K),PRW3,PROW, s, TRW3tTROW3 tTT) ,RHOS3 tTAASHLt TAASTL,ASHL, ASTL,

5A3, ATHRE,R S3VZ3tWW3, I TAL 8,AF, 6F ,CF,OF

5, VZTIPO, ARHL,ARTL,RHOT3, TI TL, 60,ARC, ASO

C *** SECTION XXI (CONTINUED FROM WAIN)

C *** WRITE TITLE

500 WRITE (6,2020) [
2020 FORMAT (IHI41X37H********

1E NO. I3 III

INC=I

IF (IPR2.GT,O) INC=N-I

S T A G E D A T A ******** II54XgHSTAG

C *** WRITE ROTOR TITLE

2030

C

WRITE lE,2030)

FORMAT( 49X24H*** ROTOR INPUT DATA *** / )

*** WRITE ROTOR INPUT _UANTITIES AND TITLE FGR STATOR

WRITE (5,20401 VT2OTt(II,NPR(II,SRTIP(II,ARRI ,DTIP2(II,DH2(I;,

1AQHD(I;,ARTD(II,DRT( II,BPSD(1),B2SAVE,C2(1),D2( I),E2(I|

2040 FORMAT (165X3HTIPI2X3HHUB£0XgHMAX ANGLESXQHMAX ANGLE/12H AXIAL VE

IL. 5XIOHPOLYTROP IC6XBHSOLID I TY@X6HASPECT8 XC_HBLOCKAGETXBHBLOCKAGETX
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29HHUB TAPFRSXgHTIP TAPER /AX5HRATIOSX10HEFFTCIENCYTX6HAT TIP9XSHRA
3T IO IOX6HFACTOR _X6HF AC TOR ._XgH (DEGREE S) 5XgH (DEGREES) //FlO-,6t 5F15,4_
42F15,3 //lbXI3HMIN REL, FLOW39X44HCOEFFICIENTS IN TANGENTIAL VELOC
5ITY EQUATION /3OH MAX ROTOR ANGLE ROTOR HUB /27H DIF. FACTOR

6 {DEGREFS|40XIHB14XIHCI4XlHDI4XIHE l/FlO.4tFlb.4_31Xt
74F15.4 I//47X25H*_'* STATOR INPUT DATA $_,w_ )

$'_'= WRITE STATOR INPUT OUANTITIES

W_ITF (6,2050I VT3RT2(II,NPSII),SSH(II,ARSI ,r)TIP3(1)tDH3(I),

I ASHD(I I,ASTDII I,DSH(I),MSHII), B3III,C3III,D3II),E3(1)

2050 FORMAT ( 1 4XSHAXIALIOXSHTOTALAIX3HTIP12X3HHUBIOX9HMAX ANGLE6XgHMA

IX ANGLEIIlH VELDCITY6XIOHPOLYTROPIC 6XBHSOLIOITYBX6HASPECTBXSHBL

20CKAGETXBHBLOCKAGETXgHHUB TAPER6XgHTIP TAPERIAXSHRATIOBXIOHEFFICIE

3NCYTXbHAT HUBqXSHRATIOIOX6HFACTORgX6HFACTDRBXgH(DEGREESI6XgH(DEGRE

4ES) // FIO,4, SFIS,4,FI6,4,F15,4 // 68X_4HCOEFFIC
51ENTS IN TANGENTIAL VELOCITY EQUATION 129H MAR. STATOR MAX HUB

_INLET I 28H DIF. FACTOR MACH NUMBER

7 3qXIHB14XIHCIAXIHD14XIHE I_'FlO.4,F15.4, 32XAF15.4 )

IF (IERROR.GT.O) RETURN

C _x** WRITE STAGE OUTPUT QUANTITIES

AL PRTD=ALPRT/.01765 33
ALPRHD=ALPRH/°01745 33

ALPSTD=ALP ST/.O 1745 33

ALPSHD=ALP SH1.01745 33

WRITE (6,20601 WI,RCC,TRO,ETAO,RCtTRtETA,,ARR(1)_ARS(1)tRTIPI,RHI_

1RT IP2t RH2t RTI P3,RH3 tBR tB St ALPRTD _ALPRHD, ALPSTDt ALPSHD

20_0 FORMAT (I/30X59Ht,_=*--_,=--$,wi, S T A G E 0 U T P U T D A T A $$$

I--_$--$_'$ II66X20HMASS FLOW (LRISEC) = F8.3 II4XTHOVERALLBXTHOVERA

2LLSX?HCIVERALL7XgHMASS AVE°6XgHMASS AVE,,22XSHROTORIOI(6HSTATOR/I2H

3 MASS AVE.6XgHMASS AVE.6X_HMASS AVE,bXBHPRESSUREbXllHTEMPERATURE5X
40HMAS,_ AVE.TX6HASPECTgX6HASPECT II2H PR. RAT|OBXIIHTEMP. RATIOAX

510FEFF IC IENC YBX5HRA TI OIOX5HRA TI OTXIOHEFF ICA ENCYTX5HRAT IOIOX 5HRAT TO

6//FlO.4, TFIS.4 1112H ROTOR TIP 6XgHROTOR HUB 6XgHROTDR TIP6XgHR
=WOTCIR HUB 5X IOHSTATOR TIP 5X IOHSTATOR HUB

? 5XILHROTOR PR(TJ.3XI2HSTATOR PROJ. 13X_HRAD. I-GTXBHRAD. 1

B-GTX_HRAD. 2-GTXBHRAD. 2-GTXBHRAD. 3-G?XBHRAD. 3-GBX6HLENGTHgX6HLE

9NGTH /3XBHIINCHESIT(TXBH(INCHES)I /IF11.4,FI4°_,6F15°4 t/ 32X

1 9HRI3TOR TIPbXgHRDTOR HUBSXIOHSTATCR TIPSXIOHSTATOR HUB / 26X

2 415XIOHRAMP ANGLE| 1 2_(4(EXgH(DEGREESII l! 25XAFIS.4 )

. • _* WRITE ROTOR TITLE PART I

WRITE (E, 206_)

2064 FORMAT(IHI24XTOHSeW=--,==--=_' R 0 T 0 e I N L E T O U T P U r D

I A T A ,=,,w--,=,--$,, /i1

C $*$ WRITE ROTnR TITLE PART 2

WRITE (E,2065)

2065 Fr)RMAT (5X6HRADIUSAX5HWHEEL4XSHAXIAL2XBHTANGENT,3XAHABS,._X61_REL.
I_X4HABS.SX4HREL.AX5HTOTALAX5HTOTALIIX4HREL. 3XAHABS.14H STA3X2H-E6X

25HSPFEDAXWIHVEL,SX_HVEL,SXAHVEL. SX4HVEL. 3XZ6HAIR ANG. AIR ANG° TEN

3P./_X6HPRESS°IOXITHMACH MACH LOSS lqlH NO. (IN) (FTISEC) (FT#

4SECI (FT/SEC) {FT/SEC) (FT/SECI (DEG) (r)EGI (OEG R) (PSll
5IIX1BHNO. NO. COEFF // )
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C *** CONVERT ANGLES FROM RADIANS TO DEGREES

O0 2070 M=t,Nt [NC

BETID(MI=_ETAI|Mt / .0174¢.33

fiET[PD( Wi=BETAIP! M)/.0174533

*** WRITE ROTOR INLET COMPUTED QUANTITIES

2070

2075

WRITE (6,2075| MtRI(M),UI(M) _VZI(M),VO£(MI,VI(M),VIP(M),BETIO(M),

IBETIPD|M|,TTI(MI,PTI(M)eMtP(M|,MI(MI,WRB(M)

FORMAT (13,FS.3,FIO.3,4Fg.3,2FS.3,FIO.3,Fg.3,TX,3FT.3 )

*** WRITE ROTOR EXIT TITLE

WRITE (5,2080|

2080 FORMAT (//20XEBH***--**--*** R C T 0 R E X I T C U T P U T O A

I T A ***--**--*** I/ 5X6HRADIUS4XSHWHEEL4XSHAXIAL2XOHTANGENT.3X

24HABS. 5X4HREL • 5X4HARS. SX4HREL.4XBHTOTAL4X5HT{ITAL3XSHROTOR3X_HREL.

33X_HABS. / 4H STA3X2H-E6XBHSPEEO4X4HVEL.5X4HVEL.SX4HVEL.SX4HVEL.

43XZ4HAIR ANG. AIR ANG. TEMP.4X6HPRESS. 3X4HDIF.3X4HMACH3X4HMACH 2X

5 4HLOSS /llgH NO. ([NI {FT/SECI (FTfSECI (FT/SECI (FT/SEC| (FT/

6SEC) (DEGI IDEG) (OEG R| (PSI) FACTCR NO. NO. FUNC

7 // I

*** CONVERT ANGLES PROM RADIANS TO DEGREES

Oq 20gO M=I,N,INC

BET2D(MI=BETA2(M)/.0174533

BET2PD(M)=BETAZP(M)/.OI74533

*** WRITE ROTOR EXIT CCMPUTED QUANTITIES

20 gO

20q5

WRITE |6,2095) M,R2(M),U2(M),VZ2(M) ,VO2IM),V2I_I,V2PI_),BET2D(M),

IBET2PD(M ), TT2( MI ,PT2( MI ,DR(M) ,M2P (M) ,M2 (MI ,ZR| w|

FORMAT |I3tFB.3,FIO.3,4F_.3t2FR.3,FIO.3,Fq.3,4_7.3 )

C *** WRITE STATOR EXIT TITLE

WRITE |E,2IO0)

2100 FORMAT ( II25XTOH***--w_*--=** S T A T 0 R E X I T 0 U T P U T

1D A T A =,_--**--,,wwk II 5X6HRADIUS13X22HAXIAL TANGENT. ABS.].4X

2 4HAF_S.3OXIC)HSTATO R AXIAL ABS. I gH STA -EI SX4HVEL.SX4HVEL. 5X

34HVEL. 12XDHAIR ANG.21X4HLOSS_X4HDIF. 2X4HMACH4X4HMACH2X4HLOSS I

44H NO.2X4H(IN)].2X26H(FT/SEC) (FT/SEC| (FTISEC)tlXSH(DEGI23X 32HCOE

5FI: FACTOR NO. NO. FUNC It )

C *** CONVERT ANGLES FROM RADIANS TC DEGREES

CO 2].10 M=t,N,INC

BET3 O( M !=_FTA 3( M )I. 0].74533

2110

21 20

*** WRITE STATOR EXIT COMPUTED QUANTITIES

WRITE (6,2120) M,R3(MItVZ3(M),VG3(M),V3(MI,BET3D(M),WSB(M|tOS(MI,

1MZ_IM),M3IM},ZS(M|
FORMAT | I3,F_.3t].0Xt3Fg.3tF17.3e20X,SF7.3 I

RETURN
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*** SECTION XXI (CONTINUED IN MAI_ AFTER ST. 5OOl

FNI)
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$ IBFTC OUT3 LIST

SUBROUTINE OUT3

REAL MWoNPR tNPS tMSH,KIt PIPt KZtM2t K3

REAL MI,MZ 1,M2P, MZ2,M3, WZ3
DIMENSION Mr( II],MZI(11) ,MZP( 11 ),M12(11) ,M3(I[ I,MZ3(II ),A3(11)

DIMENSION VIZOTI(SOI,NPR(5OI,SRTIP(SO),ARR(50),DTIP21SO),OH2{5OI,

1ARHL ( SO l,ARTL ( 50 J,DR T (50 |,B2 (50) tC2 (SOl ,02 (50) ,E2 (50 1 ,VT3QT2( 5U l,

2NPSISOItSSH(501,ARS(50) ,OTIP3(SOItOH3(SOI,ASHLISOI,ASTLI5OI,

3DSH( 501 ,MSH( 50I,BPSHI S0) _B3 (50) ,C3( 5Ol ,03 (50l tE3(50)

DIMENSION VZIIIII,Ul(IlI,VCI(IlI,RHOSlIII),BETAl(II),BETAIP(lI),

IVIPI 11 ) ,M1PI II ) ,TT1 ( 11),PT1(11 ! ,RSIVZ1 i 11 ), AONE111) ,RZ( 11),U2l LI |,

2VO2( 11 !, TT2( 11 ) ,VZ2 ( 11 ) ,PT2 ( 111 ,RHOT2 (1 1 ) ,V2 (11 ItRHOS2( 11 ),

3BETA2( 1 1 ), RETA2P ! 11 ) ,V2P( 11 I,DR |11) ,TS2(11) , ATWO(11) ,M2(I I!,

4PR I( 11 ) ,WR6( 11 | ,ZR(11) ,RS2VZ2 f I t I ,ATO( 11 ) _TT3 ( ll ) ,R3( 11 ) ,V03( 11 ),

5PT3( 111 tRHOT3( 11l ,V3|11) ,RHOS3( 11 ) tBETA3111 ) ,DS(Zt | ,WSB(11 ),

6ZS( 11 |,R S3VZ3( lI ) ,A THRE ( 11 ),WW3 (11)

CIMENSION RZ( 11l ,V1|11 ),V13|11)
DIMENSION ARHD(SUItARTDISO!,b, SHD(5OI,ASTD(50) tBET1D(11),BETIPD(11|

I, BET2O(11),BET2PD111) ,BET3O(11) ,BPSD(50) t TI TL[12)

DIMENSION BO(50),ARO(5OI,ASO(50)

COMMON I,[NC,IPRZtNtVT2OTItNPR,SRTi-PtARRItDTIP2tDH2tARHD_ARTDtDRTt

IBZSAVEtC2tDZtE2tVT3OT2,NPStSSHtARSIpDTIP3tDH3tASHDtASTD,DSHtMSH,

2EPSD,B3,C3tD3tE3,WItRCOeTROtETAD,RC_TRtETAtRTIPIeARRtARS,RHZ,RTTP2

3,RH2,RTIP3,RH3v BR tB StMt BETIDtBE TAL tBETI. PD,BETAIPt RI,UI,VZI,VOIt Vii

4VIP, MIP, MI,MZL, BET2Dt BETA2, BET2POt BETA2P,R2 tU2 tVZ2,VO2,VZ,VZP,OR,

5M2P,M2,MZ2tRET3D,BETA3,R3tVZ3,VO3tV3,DS,M3,WRB,ZR,WSB,ZS,MZ3,ALPST

6t ALPSH_ TERROR
COMMON IPRLoKI,UTIP1,RMtRHOTItAONEtRSIVZI,NMI,RHOSI,TTI,PTI,W2t

IEWA, VZT IP2, A2G,A2E, K2, I TALl ,ALPRH,RHNEW, ANEW,T6ARTL,TAARHLe AE, BE,

2CE, ALPRT,R TNEWt B2, TT2, PTZ eRHOT2 tRHCS2 ,TS2, ATWOt PR I t ATO, RSZVZ2

3cUT IP2, VOTIP2,Q,R ,S, T, I TAL2,AA,BB,CCeDD, I TAL3, _PSH,W3, A3G, A3E,PT3,

4VZT IP3t K3tPRW3_PROW 3_ TRW3 _TRDW3 _TT3 eRHOS3 _TAASHL_ TAASTL _ASHL_ ASTL_

5A3, ATHRE,R S3VZ 3, WW3, ITALS_AF _BF,CF, OF

6, VZT IPO,ARHL, AR TL,RHOT3, T[ TL,BO_ARC,ASO

GO TO (6030,6035),IPR1

6030 WRITE (6,6031) BR_RTIP2,VZTIPZ_UTIP2,VOTIP2,B2(I)

6031 FORMAT (1HO_3XZHBR17XSHRTIP214X6HVZTIPZ15XSHUTIP21/+X&HVOTIP2 15X

1 5HE2{ I) // 6E20. R II)

RETURN
&035 WRITE (6,_03].) BR_RTTP2,VZTIP2_UTIP2_VOTIP2_B2(I)

WRITE (6e6036) Q,R,S,T
6036 FORMAT (1HOI4XIHQIgXIHRlgXIHSlgXIHT II_E20.8 /I _SX28H*W_w_ ROTOR MA

'ZSS FLOW TEST *** I/ )

RETURN

END

B-39



$*

$ [BPTC nUT/* LIST

SUBROUT [NE OUT4

REAL MW,NPR,NPS,MSH,KI_ PIP_ K2, M2, K3

RE_L P'I,MZ I,M2P, MZ2,M3, MZ3

DIMFNS I_qN MI( 11 ) ,MZI (11) ,P2P(I]I), MZ2(II ) ,M3(] I ),MZ3(I_),A3(II)

CI_'IENSION VT2UTI! 5_),IkPRISU),SRTIP|50),ARR(5OI,DTIP2(50),DH2(50),

] ARHL (__.0),ARTL {50) ,DRT(50 },B2 (50 | ,C2 (50) ,D2(50) ,E2 !50 ) ,VT3OT2 (5_J |,

2NPS{ 5C|, SSHI 50) ,ARS I 50) ,DTI P3(50) ,DH)|50) ,ASHL (50 I,ASTL(50),

3CSH(_O),MSH|50),BPSH(50),B3 [50),C3(501,D3(50) ,E3(50)

DIMENSION VZI| II) ,UI( )I I ,VCI|II ) ,RHCSI (IT) ,BETAI {11), ffFTAlP( 11),

1VIP( I I) ,MlP( II I ,TTI {11 ) ,PTI (IL) ,RSI VZX |11 } ,ACNE (1! },R2I 11 ) ,U2IIZ),
2VD2(]| ),TT2III),VZ2

3BETA2(II|,BETA2P( II

4PR I( II),WRR(II),ZP(

5PT3! ll),RHOT3(III,V

6ZSI 11 ),R S3VZ3( 111 ,A

CIMENSION RIIIII,V]

DIMENSION ARHD| 5_),

( II | ,PT2III) ,RHOT2 lit ) ,V2( 11 ) ,RHrJS2{ II ),

) ,V2P( 11 I ,DR( 111 ,TS2 [11 ) ,ATWI3( 111, M2( 11 I,

11),RS2VZ2(III,ATOIII),TT3(I1),R_(Ill,VD31ll),

3( 11 },RH(_S3111 ) ,BETA3 (] 1 | ,DS(I1 I ,WSB(X1),

THRE (|I),WW3(!II

f11 ) ,VZ3 {111

ARTDI_C),ASHDI50),ASTD(_OI,._FTIDIIII,BETIPD(I].I
I,BET2DIIII,BET2PDIllI,RET3D(III,BPSDI501tTITL(12|

DIMENSION BO(5OI,APDISOI,ASI]ISUI

CCMMON I,INC, IPR2,N,VT20TI,NPR,SRTIP,ARRI ,F)TIP2,DH2,ARHDtARTD,DRT,

IB2SAVE, C2, D2,E 2, VT30T2,NPS, SSH, ARSI ,DTI P3,DH3, ASHDv ASTI'),DSH, MSH,

2PPSD,B3,C3,{)3,E3,W1,RCO, TRO,ETAO,RC,TP,ETA,RTII}ItARR_ARStRH].,RT [P2

3, RH2, RT IP _,RH3, FIR,B S,M,BETID,BE TAI, BET]. PDtBETAIP,R1,UI,VZ I, VO]., V 1,

z,VIP, MlP, MI,MZI,BET2D,BE TA2, BE T2PD,BETA2P,R2 ,U2,VZ2,VO2,V2,V2P,DR,

5M2P,M2, wZ2, BET3D,BE TA3,R3_VI3t VO3,V3, DS, M3, WRB, ZR, WSB, ZSt MZ 3, ALPST
6, ALPSH, IERROR

COMMnN IDRI,KI,UTIPI,RM,RHOTI,AONE,RSIVZII, NM1,RHI'ISItTTItPTltW21,

I EWA, VET lP2,A2G,A2E, K2, ITALl ,ALPRH, RHNEW,ANEW, TAARTL,TAARHL, AE, BE,

2CE, ALPRT,RTNEW, B2 ,TT2, PT2, RHOT2 ,RHOS2 ,TS2, ATWO, PR I _ATO, RS2VZ2

3, UT IP2, VOT IP2,Q,R, S, T.,I TAL 2,AA, BB,CC, DD, I TAL_ ,BRSH,W3, A3G, A3E, PT 3,

4VZ TIP 3, K3tPRW3, PROW 3, TRWB, TROW3,TT3 ,RHOS3,T AASHLt TAASTL, ASHL t ASTL,

5A_, A THRE,R S3VZ ], WW3, I TAL.Q,AF,BF,CF,DF

6, VZ T IPO,ARHL,ARTL,RHOT3_ T| TLt @0, _RO,ASO

6010 WRITE (_,5071l ITAL2,B21I},VD21NI,AA,BB,CC,DD,M2IN),MSHll)

6071 FORMAT IIHO6H ITAL25XSHB21II_IX_HVO2(N)gX2HAAIIX2H_BlIX2HCCIIX2HDD

I qXSHM2INIBX6HMSHII| II 14,2W@F13,5 il l

RETURN

END
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$_
$ISFTC OUT5 LIST

SURROUTINE OUT5

REAL MW, NPq,NPS,MSH,KI, MIP, K2, W2, K3

REAL MI ,MZ I ,M2P, MZ2tM3, i_Z3

DIMENSION M1K XLi ,MZ1 ( I.X I ,_2P( ll

DIMENSION VT2OTIf_=Di,NPRISO},SR

IARHL (50) ,AR TL (50) ,DRT (50), R2 (50

2NPS(50) ,SSH(5Ci ,ARS (50) ,DTI P3(5

3DSHI50),MSH(50|,BPSH(50) ,@3(5(.})

CIMENSION VZI.(ILi,UI(IIi,V01{II

IVIP( ] I ) , MJ, P( ILli , TTI (11 ) ,PTI (11|

2VO2(II),TT2(11),VZ2(lli,PT2(ll)

3BETA2 (1 1 ), 8ETA2P[ 11 ) ,V2P (11) ,DR

4PRI(I1),WRQ(III,ZR(I.I),RS2VZ2(I

5PT3( II),RHOT3( II),V3( II),RH(]S3(

6ZS( l]. ),R S3VZ3 (11) ,ATHRE ( 11 i ,WW3

DIMENSION R L( lll,Vl (]I) ,VZ3(tll

) ,MZ2( 11 ) ,M3 (II |,MZ3(11) ,A3( II )

TI P( 50|, ARR( 50] ,DTI P2[ 50 i, OH2( 50 |,

),C2fSO),D2(50!,E2(50),VT30T2(SU],

O) pDH3[50),ASHL(50),ASTL[50|,

,C3(50),D3(50| ,E3(50i

) ,RHOSI (11 | ,BE TAI (11i, RETAIP( Ill,

,RS£Vll (II |,ACNE(I I |,R2(II |,U2(II),

,RHOT2 (11 | ,V2 (1I.) ,RHOS2( 11 I ,

(II.|,TS2fI. I),ATWO(II.|,_'2(III,

I) ,AT(] (11) ,IT3 (tl | ,R_( £1 |,V03( £L ),

11 | ,BETA3 (11) ,DS(II) ,WSB(ll ) ,

(Ill

DIM

1,BE

DIM

COM

IB2S

ENSION ARHD(5Oi,ARTD|50i ,ASHDISOI,ASTDISO),SETIO(I. II,BETIPD(11)

T2O( II),_ET2PD[III,BET3D{III,BPSD(50I ,TITL[12|

ENSIGN BO[ 50) ,AR C( 50 |,ASC(50)

MGN I, INC, [PR2,N,VT2OTI,NPR,SRTIP,ARRI,DTTP2,F)H2,ARHD,ARTD,DRT,

AVE, C2, D2.,E 2, VT3OT2,NPS, SSH, AR S[ ,DT[ P3,F)H3 ,ASHD, ASTr),DSH, MSH,

28PSO,B3,C3,D3,E3,WItRCO,TRO,ETAO,RCtTR,ETA,RTIPI,ARR,ARS,RHI,RT IP2

3,RH2, RT [P 3,RH3,BR ,B S, M, 8ETID,BE TAt ,BET]. PO,BE TAI P, RI ,UI ,VZI, V01, Vl,

4VILP, WI.P,MI.,MZ I,BET2D,BE TA2,8ET2PD,BETA2P,R2 ,U2,VZ2,VO2,V2,V2P,OR,

5MZP,42, MZ2,8ET3D,BE TA3,R3,VZ3,VO3 ,V3,DS ,_3,WRB, ZR, WSB, ZStMZ3, ALPST

6, ALPSH, IERROR

CF)MM(IN IPRI,KI,

IEWA,VZTIP2,A2G,

2CF, ALPRT,RTNEW,

3,UT IP2, VnTIP2,Q

4VZTIP3,K3,PRN3,

5A3,ATHRE,n S 3VZ.-,

6,VZT IPO,ARHL,AR

6080 WRITE (5,6(181|

5091 FORMAT [ll_HOSH I

1 3F13.5 // }

RETURN

ENO

UTIPI,RMtRH{ITlt ACNE, RSIVZ£ ,NMI,RHOSI,TTI tPTI,W2,

A2E, K2, I TALl ,ALPRH,RHNEW, ANEW, TAARTL,TAARHL, AE ,BE,

R2,TT2,PT2,RHOT2 ,PHI|S2 ,TS2,ATWn, PRT ,ATC, RS2VZ2

,R ,S, T, I TAL2,AA,B8,CC tOO, [ TAL3,BPSH,W3 tA3G,A3E,PT3,

PROW 3, TRW3 tTROW3, IT3 ,RHOS3, TAASHL, TAASTL, ASHL t ASTL,

,WW3, ITALg,AF ,8F,C_,OF

TL ,RHOT3, T| TL,BO,ARC,ASn

ITAL3,B2(I),RETA2P(N),E_P_H(I)

TAL3_X_H82(1)6XC_HBET_2P(N)SX7HBPSH(I) II [4,2X
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$*
$IBFTC _UT6 LIST

SUBROUTINE OUT6

REAL MW,NPR tNPSIMSH,KI, _IPt K2 tM2, K3

REAL M1,MZ I, M2P,MZ2 t_3, MZ3

DIMENSION MI| 11J,MZtIII),MZP(11),MZ2(II),M3{II),ME3(IZ),A3{II)

DIMENSIqN VT2OTI(5OI,NPR[50),SRTIP(50),ARR(5OI,DTIPZ(50),DHZ(5U),

1ARHL (50) ,ARTL [ 50 1 ,DRT (50 ),B2 (50 1 ,C2 (501,02( 50 1 •EZ (50 | ,VT)OT 2( 5d I•

2NPS(5OI,SSH( 50I,ARSI50),DTI P3{5OI,DH3(50|,ASHLI5OI,ASTL(501,

3DSH(5OI,MSHISO),BPSH|5OI,E_3IS01,C3(Sd),D3(501 ,E3(5OI

DIMENSION VZI(IlI,UIIII),VOIIIII,RHflSI(IIItBETAI(III,BETAXP(XII,

IVI_(III ,MIP(II ),TTI I tl I ,PTI (Iil ,RSIVZZ (XZ l,AONE(111 ,R2(ZZ ),UZ{£1 I,

2Vn2{ll),TT2!II),VZ2(]I),PT2(II),RHDT2tlI),V2(ll),RHOSZ(I1),

3BETA2(IZ),BETA2P(II I,V2P(lII,DR[tI|,TSZ(III,ATWO(Zl),M2(II),

4PRI(!LI,WRB( II},ZR(III,RS2VZZ(LII,ATG(LLI,TT3[].II,R3(I[I,VO3(ILI

5PT3( I ].|,RHOT3(11) ,V3 IlI I,griDS3(11) , BETA3 (II) ,DS (II] ,WSBI11),

6ZS(11 I,nS3VZ3(XlI,ATHRE(III,WW3(I11

DIMFNSION RI( 11),VI III ),V131111

CIMENSION ARHDI5OI,ARTD(5OI,ASHD(5U),ASTD(GOI,BETID(III,BETIPD(£1)

1,RET2D(II) ,RET2PD(11 ) ,RET3D (111 ,BPSDI 5U) ,TI TL (12)

DIMFNSIFIN BO( 5C ) ,ARO[ 50 1,ASZ (SO!

COMMON I,INC, [PRZ,N,VT2OTI,NPR,SRTIPtARRI,DTIP2,DH2,ARHO, ARTDtDRT,

tB2SAVE,C2,D2,E2,VT3OT2,NPStSSH,ARSI,DTIP3,DH3,ASHD, ASTD,DSH,MSHt

2BPSD,R3,C3,D3,E3, WttRCC,TROtETAO,RC,TR,ETA, RTIPI,ARR,ARS,RH_vRT IP2

3, RH2, RTIP3,RH3,BR ,B S,W,BETIE,BE TAI, BETI PD,BETAIa,RI,UI,VZI,VOI,VI,

4VIPt MIP,Mt,MZI, BET2D,BE TA2, RET2PD,BETA2P,RZ tU2, VZ2,VO2,V2tV2PtDR,

5M2P, M2, MZ2, BET3D,BE TA3,R3, VZ3tV03 ,V3,DS, t_3,WRB, ZR,WSB,ZSv Ml3_ ALPST

6, ALPSMt IERROR

COMMqN IPRI,K].,UTIPI,RM,RHOTI,AONE,RStVZI,NMltRHOSltTTI,PTI,W2,

1EWA, VZT IP2, A2G,A2E, K2, ITALl ,ALPRH,RHNEW, ANEW,TAARTL,TAARHL, AE, BE,

2CE, ALPRT,RTNEWt B2, TTZ,PT2,RHOT2 ,RHOSZ, T $2 tATWO, PR I ,AT_,RSZVZ2

3,UT I_}2, VOT IP2 ,_ tR , S_ T, I TAL2 tAAt BB ,CC, DL)• I TAL3, BRSHt W3, A3G, A3E, PT 3,

4VZTIPg,K3,PRW3,PRF)W._,TRW3,TRCW3 fTT3tRHOS3tTAASHLtTAASTL,ASHL,ASTL

5A), ATHRE,R S3VZ _ _WW3, ITALB•AF_BF _CF ,OF

_.,VZ T IP.q, ARHL, ARTL,RHOT3 _ T I TL, BO,ARC,ASO

GO TC} (6130,61351,IPRI

6130 WRITE (6,51311 WI_W3,FWA,RC,RCO,TR,TRO,FTA,ETAC

6131 FORMAT |lH(_TX2HWIIIX2HW311X3HEWAIUX2HRCllX3HRCOIOX2HTRIIX3HTROIUX

13hETAGX4HETAD /I gF13,5 I/ I

RETURN

6135 W_ITE i6, G13].) W].,W3,EWA,RC,RCfl,TR,TRO,ETA,ETAO

WPITE (6,61361 BS,RTIP3,RH3,A3G_A3E,VZTIP3,K3,PRW._PROW3_TRW3,

I TRC]W ]

_136 FI]RUAT { IHOI3X2HRSITXSHRTIP316X3HRH317X3HA3GITX3HA3E].5XbHVZTIP3//

! 6E20.q III3X2HK317X4HPRW316X5HPROW31SX4HTRW315XSHTROW3//SE20.81//

_IIX3HTT314X2HR315X3HVZ3Z4X3HVO314X3HPT313XSHRHOS313X2HV3 II I

_0 61_7 M=I,N

6137 WRITE [6,5025) TT3IM),R3|MI,VZ31M),VO31MI,OT3IM),RHGS3IM),V3IW)

6025 FORMAT (7E17,9|

WRITE {6,5].3_) ALPSH,RHNFW,ANEW,TAASTL,TAASHL,ASHL(II,AEtBE,CE, ARS

X[ I ), ALPST,R TNEW, ASTL (I)

6132 Ff_RMAT (IHU/24XSHALPSHZ2XSHRHNEWt3X4HANEWI2X6HTAASTLIIX6HTAI_SHLLOX

]7HASHL( I I /I£TX_EI7.F. II qX2HAEISX2HBEISX2HCEI3X6HARS[ I )llXSHALP._T

21ZX5HRTNEWIIXTHASTL ( I )/17E17.8 )

WRITE f6,6138)

6138 FORMAT IXHOSX5HBETA315X2HDSI4X._HWSB].SX2HZS // ]

CO 613g M=T,N

6139 WRITE (6,6]._0) BETA3(M]•DS(_I_WSB[MItES(M!
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6140

6141

FORMAT
WRITE
F_(]RM_T

WRITE

FORMAT

RETURN
ENO

(4EfT.B)
{6,61_I| (A3(MttM3(M) tMZ_){W) ,M=ItN)

||H,JI. IXZHA315X2H_314X3H'_Z3t/(3E17.8) )
(6,_142) (ATH_E(_)_R$3VZ3(M}tWW3(M) tM=I,NMI)
{IHLIQXSHATHREI2XQHRS3VZ313X3HWW3 //(3E17.8))
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$1BFTC OUT? LIST

SUBROUTINF. OUT'/

REAL MW, Nr"R,NPS ,MSH ,KI, IvIP, K2, M2, K3

RF.AL MI, MZ I,M2P,MZ2,M3t _'Z3

DIMENSION MI( I1),f_ZI(II|,M2P(II|,MZZ(II),M3(I.I),MZ3III|,A3(II|

DIMENSION VT2OTI(50),NPR(501,SRTIP(50|,ARRISO),CTIP2(SOI,DH2(SO),

IARHL (50) ,&R TL (50 ) ,DR T(50| ,B2(50) ,C2 (SG| ,D2(50) ,E2[ 50 | ,VT._OT2 (5u) t

2NP5( 50),SSH(S0),ARS(50),DTIP3(50),DH3(SUI,ASHL(SOI,ASTL(5U|,

3DSH(5OI,MSH( 50),BPS

DIMENSION VZI( II),U

]VIP(.I I),MIP(I

2VO2(11) ,TT2[ I

3BETA2(II),BET

t-_R I ( 11), WR@(I

5PT3(11) ,RHOT3

6ZS( 11 ),R S3VZ3

O (MENSIF1N RZ!

DIMENSICIN _RH

1, BET2D(11) ,BE

I),TTI

li,VZ2

A2_'(]I

I),ZP(

(II),V

(11) ,A

ll),Vl

0(5'J) ,
T2PD(I

Hi _0) ,B3 (50)

11 11 ) ,V01111

(1]) ,PTI (ILl)

( 11| ,PTZ (11)
) ,V2P (11) ,DR

11 ),RS2VZ211

3( II ) ,RHCS3 (

THRF ( 11 ), WW3

(]I) ,V/3(11)

,C3(50) ,O3 (50) ,E3( 50!

) ,RHOS1 (11 ) ,BETA1 (11 ), BET AlP | 11),

,RSIVZll 11) ,ACNE (11),R2(I].),U2(11),

,RH012(I,[),V2(I. IIeRHOS2(J, 1)t
(11) ,TS2 (11), ATWC(11) ,MZ(11 ),

I),ATO(II),TT3|III,R3(llI,VO3(11),

11) , EETA._( 11 ) ,DS|11 ) ,WSB(11 |,
|11)

Aq TF)(5b) ,ASH|(50) , ASTD(5C}) ,_ETIDIlI) ,BET IPD{ 11 |

|,BET3D(11) tBPSD(50),T!TL(12|

D IMENS |"IN _F)(

COMMON I,[NC,

IB2SAVF,C2,D2,

2 8PSD, R3,C _, r)3, E3, w1

3,RH2,RTIP),RH3, BR,B

_VIP, MlO,MI,MZI,RET2

5_2P, MZ9 '_ZZ, BET3D,, RE

E,ALPS_, IERROR

C F]MMON IPRItK].,UTIP

] EWA, VZT IP2, A2G ,A2E

2CE, ALPRT,R TNEW, B2, T

50) ,Apr_I 50|,ASr {50)

IPR2,N,VT2OTI,NPR,SRTIP,ARRI,F)TIP2,r)H2_ARHD,ARTD,DRTt

E 2, VT.'_OT2, NPS, SSH, AR S| ,DT[ P3 ,DH3 ,ASHDt ASTD, DSH, MSH,

,RCO,TROtETAOtRCtTR,ETA,RTIPitARRtARS_RHI_RTIP2

S, M, BF.TID,BF TAI, BF.T)._D,_ET AID,R1,UI,VZ I, VOI,VI,

D, RE TA2, BET2Pr), BETAZP,R2 ,U2, VZ2,VO2, V2 _V2P,DR,

TA3,R3tVZ3,VO3,V3,DS, M3, WRY,/R,WSB,ZS, WZ 3t ALPST

I,RM,RHOT1,ACNE,RSIVZ1,NM1,RHOSI,TTI,PTI,W2,

K2,1TALI,ALPRH,RHNEW,ANEW,TAARTL,TAARHL,AE,BE,

T2,PT2,RHOT2,RHOS2_TS2,ATWO,PRI_ATO, RS2VZ2

3,UTIP2,VDTIP2,QtRtS,T,ITALZ,AA,BB,CC,DD_ITAL_,_PSH,W3,A3G,A_E_PT)_

_VZTIP3,K3,PRW3,PROW3, TRW3,TROW3_TT3,RHOS3,TAASHL,TAASTL_ASHL_ASTL,

5A3, ATHRE,RS3VZ_,WW3,1TALB_AF,BF_C_,DF

E,VZTIPO,ARHL,ARTL,_H_T3,TITL,BO,ARC,ASO

5_5G WRITE (6,6151) ITALS,B2(1)_VO2(N)_AF,BF,CF,DF,DS(N),DSH(1)

6151 FORMAT (IHOSH ITALn10X5HB2(III2X_HVO2(N)I4X2HA_I_X2HBFI6XZHCF L6X

1 2FDF // 14,2X6FI8.Q // 16XSHDS(N) 12X 6HDSH(I) I/ 6X 2EIB.8

2 ///25X6gH_

3CULATICN AT STATEMENT NO, 160 _*

RETURN

EN_

$DATA

THIS bRANCH RETURNS TO ROTOR CAL

l/)
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APPENDIX D

INPUT FORMAT - DATA PREPARATION





N34 DATA PREPARATION

The N34 program utilizes the option of using the FORTRAN IV NAME-

LIST method of data input. The standard input method may stillbe used

and the two may be intermixed from one data set to the next within a run.

In either case, each input should be entered as a decimal number except

IREAD, N, NSLIM, IPR1, and IPR2 which are integers. A sample data

sheet for each method is included.

STANDARD OPTION

Card 1

Column I must contain a 1 which signifies that the standard input

option is to be used. Columns 2 through 72 contain alphanumeric

information to be printed at the beginning of the run.

Remaining Cards

These cards are used as shown on the data sheet.

NAMELIST OPTION

Card i

Column 1 must contain a 0 (zero) which signifies that the NAMELIST

option is to be used. Columns 2 through 72 contain alphanumeric informa-

tion to be printed at the beginning of the run.

Card 2

Card 2 is the first card used by NAMELIST. Column 1 must be blank.

Columns 2 through 6 must contain "$NAME". Column 7 must be blank. The
remainder of Card 2 is similar to Card 3 through the last card.

Card 3 Through the Last Card

These cards are punched as in the NAMELIST sample. Any number

of sets of "variable = constant, " may be put on a card, but the following

conditions must be met.

1. Column 1 must always be blank.

2. No blanks are permitted except at end of card and in Column 1.

D Each data card must end with a comma following a "variable =

constant" set with the exception of the last card of a data set.

D-I- Lq_



4. The last card of a data set must end with a $ symbol.

, Arrays are read as on the 5th card of the NAMELIST sample
data sheet.

Example: SRTIP will contain i.3 in i0 locations beginning

with SRTIP (i). ARO will contain 4. in (i), 3.5

in (2), and 2.5 in 8 locations beginning with

ARO(3).

Additional Comments on NAMELIST

The input parameters may be in any order on the cards. More or less

items may be put on a card than are shown in the sample and may appear

in any column (other than Column 1). Columns 73 through 80 are for data

(NAMELIST ONLY) and may not be used for identification. More numbers

may be read into an array than can be put on one card. The first card

must end with a constant followed by a comma, and the next card must

start with the next constant beginning in Column 2 and continuing on as be-
fore.

STACKING DATA

Data sets may be stacked. The option of using NAMELIST or the
standard method of input may be changed from set to set within a run.

Once the initial data have been read by either method, new sets may be
read by using a complete standard data set or with NAMELIST as follows:

A title card with a zero in Column 1 is followed by the card(s) needed to

change any value(s) used in the initial data set. These cards must follow

the same rules as a complete NAMELIST data set. The flexibility of the

NAMELIST option will allow the input data to be simplified to whatever

degree the user wishes.
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